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Abstract
Software development is a multidisciplinary collaboration involving many stakehold-
ers. However, existing software development processes exhibit many issues related
to that collaboration. Because prior research on stakeholder analysis and teamwork
revealed the importance of communication, this study analyzed stakeholder communi-
cation with reference to team activities as a social and cognitive process. The study’s
goal was to understand the collaboration process during software development and to
delineate factors that influence this process. We focused on communication between
the software developers and their clients during the requirements gathering phase,
the team process, and the inter-team and interdisciplinary collaboration, in partic-
ular between software engineers and technical communicators. First, we conducted
observations to help uncover the causes of variances in collaboration performance.
Then we modified aspects of the collaboration process and compared team perfor-
mance. We also performed an experimental study to further test the supporting
effect of clients’ documents on requirement gathering. Finally, teams’ working struc-
tures and their impact on team performance were investigated using social network
analysis. Among our findings was that clients are critical to the success of software
development. Providing teams with documents that support requirement gathering
facilitates team efficiency, but there is a trade-off in that team members may gen-
erate fewer creative ideas. Another finding was that software teams should ensure
xix
that members from all disciplines actively participate in projects. Finally, although
teams need leadership, effective leadership is not a strong team member performing
all coordination and tasks. A moderately centralized team structure is preferred.
xx
Chapter 1
Introduction
Software development is a creative collaborating process of multiple stakeholders from
many disciplines. 1 The development process generally begins with the planning and
preparation of a software product by the product owners. Development teams then
gather requirements from clients, design the interface, and implement the design. The
process is iterative until the product is ready for usability tests. The Agile develop-
ment process emphasizes more on iteration and practice. Through iterations, teams
get more experienced in self-directing the development process. Project managers do
not lead the team, rather they facilitate the development process (Cockburn, 2006).
Very often teams have the wisdom to get the best solutions to problems. However,
sometimes they can easily be confused, because a team is a very complex system
1Part of the contents presented in this chapter have been published in the journal of Human Factor
and Ergonomics (Zhang & Pastel, 2014).
1
impacted by many human factors.
1.1 Problems in Software Development
This innovative process usually collects broad ideas and creative solutions that need
expertise from more than one discipline. Challenges that occur during software prod-
uct design and development usually cannot be solved from the perspective of only
one knowledge domain.
The collaborating stakeholders are groups or individuals who can affect or
are affected by a project (Alexander, 2005; Alexander & Robertson, 2004;
R. B. Freeman & McVea, 2001; R. B. Freeman & Medoff, 1984). A typical modern
software development team includes product owner, graphic designers, user experi-
ence designers, technical communicators and engineers, along with other stakeholders,
such as clients and project managers.
The collaboration of these stakeholders from various disciplines has helped to produce
many successful software applications. However, the interdisciplinary collaboration
has also created challenges. Many of the challenges are due to the communication bar-
rier across the disciplines. According to Mathis (2009), one software project manager,
stakeholders often complain about the difficulty of building a shared mental model
2
with software engineers, not only because of the interdisciplinary communication bar-
rier, but also because software engineers are often unwilling to invest time and effort
into communication as they consider programming to be more important. Software
project managers in industry have considered employing designers with programming
backgrounds to enhance communication in development teams. However, this creates
other issues caused by constrains of programming - assuming a designer often consid-
ers the programming difficulty in implement a feature of an app when prototyping the
interface, his design ideas might be confined. The programming technology is used
to implement the design, rather than being a prerequisite of the design. In addition,
the agile development practices involve more direct, informal and constant communi-
cation between team members than traditional software development process, which
has brought software engineers challenges, because many software engineers may be
more comfortable in coding than talking (Conboy et al., 2011; Leon, 2004). These
issues and challenges have led us to seek a way to make software developers and other
stakeholders work as a team and to facilitate the team’s collaboration.
1.2 Stakeholders Communication Analysis
Stakeholder modeling and analysis have been used in many other fields, such as public
policy (Roberts & Bradley, 1991), natural resource management (Grimble & Chan,
1995), information system development (Pouloudi, 1999), and science projects
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(Hein et al., 2011). Researchers in psychology, management, and computer science
have studied software development process in terms of stakeholder collaboration for
decades. They have investigated the communication, collaboration, and coordina-
tion processes in software development to identify factors, fidelities, and architectures
that would help improve the process and create a more productive development mode.
For example, Yen et al. (2001) has developed a multi-agent architecture, called CAST
(Collaborative Agents For Simulating Teamwork), to support proactive information
exchange in a dynamic environment. The application indicates that the architecture
has enhanced the effectiveness of teamwork among agents and supported flexibility
and dynamics in teamwork and role selection at run time.
Communication is usually considered to be a component of collaboration. Generally,
collaboration needs to result in promising and creative outcomes such as new prod-
ucts, while communication is simply the sharing of information that already existed
(Jackson, 2010). Over time communication within teams can become collaboration,
and tools that facilitate communication can effectively support collaboration. In the
software development process, communication is considered as a central mechanism of
information processing at the team level (Cooke et al., 2004; Salas et al., 2008). The
process needs team members to continuously share and integrate knowledge through-
out all development phases. In a regular basis, a team usually has a stand up meeting
everyday. All members need to present in front of the whole team what he has accom-
plished yesterday, what the plan is for today and if there are any challenges. Apart
4
from the stand up meetings, there are sprint planning and reviewing meetings, and
more constant casual communication in the workday as well. All the communica-
tions consist of the development process and could determine the deliveries of this
process. Saeki (1995) has investigated communication between stakeholders through-
out the entire software development process and determined that the effectiveness
of the communication medium is dependent on the specific development phase. The
product planning and design thinking could start with communication via verbal con-
versations, Emails or telephones, by which information such as text, voice or figures
can be exchanged. In a further developing stage, a larger artifact is needed. They
recommend a workspace that every team member can access, update, sit together
and perform task cooperatively.
1.3 Goal of the Study
The purpose of the study is to verify the interdisciplinary collaboration issues and
seek ways to solve these issues, and to build a comprehensive architecture for un-
derstanding the collaboration and team processes during software development, thus
to support and improve the development of software (along with other innovative,
interface design-related products).
5
In this research, we will study the communication between stakeholders in differ-
ent phases of software development, including requirement gathering, design, and
implementation. Regarding interdisciplinary collaboration during the development
process, we will investigate team shared mental model across disciplines by study-
ing team members’ motivation, satisfaction, retrospection of team process and peer
evaluation. Team performance will be measured in terms of its two dimensions, team
efficiency and effectiveness (Salas et al., 2008). Other influences from individual vari-
ances such as personalities and skills will be investigated to ensure the construct
validity. We observed and studied the real development teams and understand their
complex communication patterns, rather than placing sample groups in an artificial
and simplified experimental environment and controlling treatments. However, this
observation of the natural data of human characteristics and performance may bring
other issues of the real-world problems. Lots of factors are beyond our control to be
delineated.
1.4 Thesis Layout
The rest of the thesis proceeds as follows: Chapter 2 reviews the literatures, including
basic theories in team analysis and some methods that people have already used in
studying teams and stakeholders’ collaboration. Chapter 3 introduces the context of
the study, research questions, and the techniques used to explore the answers for the
6
questions. Chapter 4 discussed our investigations on the collaboration between soft-
ware development teams and their clients, including an ethnographic study conducted
in 2013. Besides, a follow-up experimental study which was conducted in 2015 was
also described in Chapter 4. Chapter 5 presents the intra-team analysis in software
development, including social network analysis on team structures and dynamic team
process investigation. Chapter 6 concludes of this thesis.
7

Chapter 2
Related Work
Many studies have been conducted in analyzing team processes, team mental models
and performance. This chapter reviews the related literatures on team analysis and
stakeholder collaborations in software development and other fields as well. 1
2.1 Team Studies
Dyer (1984) defined teams as “social entities” consisting of members with “high task
interdependency” and shared common goals (Salas et al., 2008). Team members inte-
grate and share information, coordinate the task, and collaborate with task demands
1Part of the contents presented in this chapter have been published in the journal of Human Factor
and Ergonomics (Zhang & Pastel, 2014, 2015).
9
shifting in order to complete their mission. A number of studies on teamwork and col-
laboration have focused on investigating team mental models. The approaches that
people use to study teams range from capturing individual team members’ minds
to examining dynamic interactions between team members (Klimoski & Mohammed,
1994; Mohammed et al., 2010; WIldman et al., 2014). As a common measurement
of team outcomes, team-related performance has been measured through either its
internal team dynamics or individual team members contribution (Salas et al., 2008).
2.1.1 Capturing Team Mental Model
A team shared mental model is described as the overlapping mental representation
of a team, explaining how a team deals with difficulties and task-constrained envi-
ronments (Cannon-Bowers et al., 1993; Mohammed et al., 2010; Uitdewilligen et al.,
2013; WIldman et al., 2014). Team shared mental models are often computed in
terms of similarity or accuracy. The individual mental models of team members
can be collected and compared with each other. We can also compare team mem-
bers’ mental model with an expert’s model so as to determine the accuracy of the
team mental model. A team mental model can also be represented in the team’s
dynamic interaction during a collaboration process. A new stream of literature on
team cognition is to consider team as a dynamic process, and the team mental model
is conceptualized as “communication exchanges” that occur between team members
10
(WIldman et al., 2014).
Below introduces a brief history and major approaches of studies on team mental mod-
els. To date, three approaches to capture team mental models have been classified:
naturalistic approach (Avnet, 2009; Klein, 1998), collective approach (Cooke et al.,
2000), and holistic approach (Klimoski & Mohammed, 1994; Mohammed et al., 2010;
WIldman et al., 2014). The naturalistic approach is based on naturalistic decision-
making (NDM), which focuses on how experts make decisions in the complex sce-
narios in the real world. This approach considers team cognition as an individual
mind (Avnet, 2009). The collective approach views shared knowledge as a “col-
lection of the knowledge” of individual team members (Cooke et al., 2000). This
approach is often found in social psychology and organizational behavior studies.
However,Klimoski & Mohammed (1994) argued that team shared knowledge is more
than the collection of individual team members’ knowledge and results from the inter-
action process among team members. This is known as the holistic approach, which
deals with the dynamic team interaction process including communication, coordina-
tion, and situation awareness. This approach is often used in human factors research
and requires new methods for data collection, for example, interviewing the team as
a whole to learning what the team knows. Until now psychologists have emphasized
that a team shared mental model does not only indicate the stable knowledge rep-
resentation of objects or situations, but also considers how information changes in a
complex context (Mohammed et al., 2010; WIldman et al., 2014). The naturalistic
11
and collective approaches both underestimated the importance of the team interac-
tion process in determining what the team knows (Cooke et al., 2000). An aircraft
crash that occurred due to communication failure provides a strong example of the
importance of the interaction process. In 1990, flight Avianca 52 ran out of fuel while
approaching John F. Kennedy International Airport in New York. The crew asked
for an emergency landing using the word “priority”, but due to the language differ-
ences between English and Spanish, the crew failed to declare the emergency and the
plane crashed. In Spanish, the word “priority” can be interpreted as an emergency
but that is not the case in English. In this situation, both the crew and the staff on
the ground may have had the skills to identify the emergency and deal with it, but
they failed to clearly share what was on their minds in terms of the situation during
the interaction process. The miscommunication was fatal. 73 out of 158 people were
killed (Avianca Flight 52 , 1990). This was a complex, task-constrained scenario re-
quiring higher cognitive processes. Although not causing death, similar problems in
the interaction process in a design-related team activity can result in project failure.
2.1.2 Team as a Social Process
Focusing on the interactive process, some researchers on design-related teamwork
regard teamwork as more of a social and cognitive process than as only a technical
process (Cross & Cross, 1995; Olson et al., 1992). In 1992, Olson et al. (1992) studied
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ten design meetings in two organizations and found that the design meetings are not
all about designs - only 40% of the meeting time was spent in direct discussions
of designs. The remaining time was spent on walkthroughs and summaries (30%)
and coordination (20%). In general, at least a third of the communication was for
clarifying ideas while working on designs or preparing for walkthroughs and writing
summaries. The meetings should be mostly used to communicate and exchange ideas
on project, rather than to coordinate team members’ schedules.
In addition, the social processes may influence many aspects of team activity. In
Cross’ observations of a three-person team design session for the Delft Protocols
Workshop (Cross & Cross, 1995), he saw that some team members’ approaches were
ignored during project planning, a phase that needs very intensive communication
for generating and gathering a variety of ideas. When a team member experiences
difficulty in getting the team to proceed in a way he prefers, the team member could
feel very frustrated and isolated, which could influence his contribution to the team.
The roles and relations are forming during the team process, and such social process
interacts significantly with the technical and the cognitive process of design.
Team conflicts can also be avoided or resolved by skillful social techniques.
Galegher & Kraut (1994) examined the difficulty of using computer-mediated com-
munication to accomplish complex collaborative work by observing MBA student
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groups completing collaborative writing projects under three communication condi-
tions: computer only, computer plus phone, and face-to-face communication. The
findings showed that individuals can adapt to the restricted communication chan-
nels, but lack of interpersonal interaction leads to difficulties involving ambiguous
goals and diversity of ideas. Some tasks in particular, such as project planning, may
require more intensive communication than independent work.
When studying team activities as a social process, social network analysis has been
shown to be an excellent tool for analyzing the team mental model (Espinosa & Clark,
2014). When team members across domains do not share their knowledge, the
measurement of team knowledge becomes more complex than simply averaging and
providing an incomplete picture of the knowledge structure (Avnet & Weigel, 2013;
Espinosa & Clark, 2014; Newman, 2003). In a cross-discipline team, team members
may shared certain common knowledge, such as a common project goal. Apart from
the shared knowledge, there is role-specific disciplinary knowledge that is compatible
among team members. The interaction of the knowledge creates the team dynamics.
Network experts (Espinosa & Clark, 2014) considered team knowledge as an inher-
ent social construct, in which individual social actors share and exchange knowledge
through communication and create a cognitive relationship to build the dynamic in-
teraction process. Espinosa & Clark (2014) created the network model with a quanti-
tative metric of change in the team shared mental model. Through network analysis,
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Avnet & Weigel (2013) demonstrated that in engineer design projects, i.e. space-
craft launch project, team shared knowledge correlates the technical design of system
attributes, including system development time, system mass and technological matu-
rity. Although they did not examine team performance directly, it provides insights
of improving system design product by increasing shared knowledge and incorporat-
ing it into design process. Espinosa & Clark (2014) found that network structures
explained how knowledge flows within a team and influences the coordination and
team performance. Their networks showed that low performing teams have more
disconnected shared task knowledge between team members (See Figure 2.1). In our
study, we will use social network analysis to investigate the communication structure
between stakeholders.
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Figure 2.1 Illustration of Shared Task Knowledge for High and Low-Performance
Teams (Espinosa & Clark, 2014). Team 1 and 2 are high-performance teams; team 3
and 4 are low-performance teams.
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2.1.3 Measuring Team Performance
Team effectiveness and team efficiency are two essential dimensions in evaluating
team performance. Team effectiveness is an appraisal of the outcomes of the ac-
tivities engaged in while completing a task (Hoegl et al., 2003; Salas et al., 2008).
Team efficiency relates to project budget and schedule. It is usually measured
by cost and time-to-completion (Faraj & Sproull, 2000; Hoegl et al., 2003; Jones,
1996). Studies show that the administrative coordination influences team perfor-
mance (Faraj & Sproull, 2000; Kraut & Streeter, 1995; Van de Ven et al., 1976), es-
pecially team efficiency (Ancona & Caldwell, 1992; Faraj & Sproull, 2000). Admin-
istrative coordination refers to the traditional mechanisms used to coordinate team-
work, such as the use of milestones to assign tasks, allocating resources, and integrat-
ing output. Faraj & Sproull (2000) proposed that expertise coordination, as a set of
socially shared cognitive processes, is more essential than administrative coordination
to the performance of knowledge teams, such as software development teams. An-
other study conducted by Hoegl et al. (2003) employs the teamwork quality construct
as a comprehensive measure of the quality of team collaborations. The study con-
cluded that teamwork quality is associated with team efficiency only in projects posing
high task innovation, e.g. task novelty, complexity, and uncertainty. However, the re-
lationship between teamwork quality and team effectiveness is not moderated by task
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innovation. Software development teams are highly knowledge- and expertise- depen-
dent teams, but are usually formed temporarily depending on product requirements
and developers’ availability. Not many studies on software development teamwork
have measured team performance in terms of both team efficiency and effectiveness
(Driskell et al., 2006; Edwards et al., 2006; Lim & Klein, 2006; Mathieu et al., 2000;
Moe et al., 2010). In this study, we investigate both.
Studies have provided much evidence supporting the fact that the sharing team
mental model has a positive influence on team performance, in particular on team
effectiveness (Edwards et al., 2006; Espinosa & Clark, 2014; Jobidon et al., 2012;
Lim & Klein, 2006; Mathieu et al., 2000). Shared leadership and language features
in communication were two factors that have been indicated as impacting team per-
formance (Gonzales et al., 2010; McIntyre & Foti, 2013). Driskell et al. (2006) also
looked at the relationship between team member personality and team effectiveness.
They provided a very comprehensive prediction to link certain personalities traits,
such as dominance, to different task requirements. A dominating trait may be prob-
lematic for a team member when cooperating with other members, but useful when
the team member becomes a team leader. Recently, Moe et al. (2010) looked at the
interrelations within the agile software development teams and found that proper
team orientation, coordination, and work division are essential for successful soft-
ware development. Though the agile teams are self-directed, they need orientations
by both the team members and manager, e.g. the priority to team goals. The
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manager gives his team direction to work toward and provides as many resources
as possible to facilitate the development process. Along with these factors, we ex-
pected that there would be other influences, such as affective status, motivation,
professional skills, and task complexity. Researches have indicated that positive af-
fective states can lead cognitive process to be broad whereas negative affective states
narrow cognitive process (Easterbrook, 1959; Harmon-Jones et al., 2012). Will this
difference impact the cognitive process during software development. In education
psychology, strong motivations can increase learners’ effort and persistence in activi-
ties (Essentials of Educational Psychology , 2009). Will team members who are more
motivated contribute more? The task complexity and team members’ programming
skills could be factors that influence the completion time and product quality. Previ-
ously, no study has comprehensively explored factors that potentially influence team
mental models during the software development process.
2.2 Interdisciplinary Collaboration in Software
Development
Interdisciplinary collaboration became popular in business and academia decades ago.
In 1986, Curtis et al. (1986) called for interdisciplinary collaboration in the software
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industry, in particular the collaboration between software engineers and human fac-
tors experts. Human factors experts work to develop models and theories of fun-
damental characteristics of human behaviors that specifically describe interaction
with the software, while engineers implement these models into actual designs. In
healthcare systems, interdisciplinary practice is also very important because it often
involves nurses and physicians with different specialties. Orchard et al. (2009) pro-
posed a patient-centered interdisciplinary collaborative professional practice model to
accommodate shared decision-making during team process. In a longitudinal study,
Cashman et al. (2004) reported the supports and barriers brought by teamwork can
affect the development of an integrated health care system. In addition, scientists
have conducted research into collaborating with colleagues from other disciplines.
Interesting new measures and models have been developed by interdisciplinary col-
laborations and have advanced science (Borgman & Furner, 2002; Qin et al., 1997).
Because software development is an innovative process collecting broad ideas and
creative solutions which requires expertise from various disciplines in terms of the
product design, we believe that the interdisciplinary collaborations between stake-
holders and across functional teams are as important and indispensable as in other
areas. Phuwanartnurak (2009) has suggested wikis as tools to help with information
sharing and scaffold interdisciplinary team collaboration. In addition to these tools,
we want to explore more how the communication and coordination within software
development teams can be improved.
20
Chapter 3
Research Method
This section introduces the study’s context, the research questions and the standard
methods used to explore the research questions. 1
3.1 Study Context
Salas et al. (2008) advocated that studies on teamwork performance should focus on
more teams “in the wild”, i.e. in a fully situated context. The context of our study
is a citizen science project funded by the National Science Foundation (Mayer et al.,
2013). One project goal is to develop Android applications (apps) or websites that
1Part of the contents presented in this chapter have been published in the journal of Human Factor
and Ergonomics (Zhang & Pastel, 2014, 2015).
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anyone can use to collect data in the field for scientific use. Students from collabo-
rating courses at Michigan Technological University work as groups to develop the
citizen science apps or websites. The current study is based on the observation of
their development processes from 2013 to 2015.
Four years ago, considering that computer science students have few opportunities to
work with people from other disciplines and with real clients, Dr. Robert Pastel inte-
grated the citizen science project with a collaboration of three courses: two Computer
Science (CS) courses in Human-Computer Interaction (undergraduate and graduate
courses) and a Scientific and Technical Communication undergraduate course in the
department of Humanities (HU). Students in the two undergraduate courses worked
in teams developing the apps, while students enrolled in the graduate course worked
individually to evaluate the designs and test the usability of the finished apps. The
development teams worked with professors and scientists from around the U.S., who
served as both clients and domain experts for each app. This collaboration involved
stakeholders with many disciplinary backgrounds and required students to have both
task-relevant professional skills and skillful collaborating approaches when working
with clients and teammates from other disciplines.
The teams practiced software development process in phases, which includes user-
centered rapid prototyping. Assignments in the course fixed the approximate timing
of the development phases. The instructors for the courses were program managers
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and determined the approximate development schedule. However, there are some con-
cerns of the study context. One aspect of development in the context of a course that
differs from development in industry is that many of the developers are inexperienced
with the development technology, although it is not unusual for development teams
in industry to have inexperienced members. Another aspect that differs between soft-
ware development in a course and industry is that students may have little experience
communicating with clients; however, during course preparation, the instructor met
with each scientist to ensure that a well-established app idea was developed and to
initiate requirement gathering.
3.2 Research Questions
In this context, our investigation is focused on the collaboration of these diverse
development teams and the client participation. Below are the two research questions
that we strived to answer:
Question 1: What are the main collaborative factors that determine or influence
software development process?
Question 2: How can we improve the collaboration in software development regard-
ing these factors?
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3.3 General Methods
A number of study techniques were used to answer the research questions. First, we
made observations using ethnographic techniques to investigate the communication
and development processes. Second, we distributed several surveys probing commu-
nication among team members and between teams and their scientists at the end of
each semester. In addition to the surveys at the end of each semester, social network
analysis was used to study the teams’ working structures. In order to learn how these
team working structures influenced their performance, we use a team process survey
to investigate these individual perceptions of team members relationship as a measure
of performance variance.
For the 2014 and 2015 semesters, we made modifications to the course based on the
insights from previous years. The modifications include changing the class locations,
combining the two classes by giving lectures by one of the instructors, distributing
agreement between scientist and teams etc. The comparison was made from the
responses to the semester surveys each year. Moreover, scientists provided the devel-
opment teams a document, which is usually a form that the scientists use to collect
actual data in their domains, including time, the features of the current environment
such as number of trees etc. In order to test the effects of these documents, we
implemented an experiment in a laboratory in the Fall of 2015. In the experiment,
24
student participants work in teams to design the first prototype of an app interface.
They were organized into two types of teams, composed of only CS-related disciplines,
and mixed CS and other disciplines. Two experiment scenarios were given: groups
in the controlled scenario did not receive supporting document, and groups in the
experimental scenario did not receive it.
3.3.1 Materials
In the ethnographic study, we collected data through surveys, email records, semi-
structured interviews, and documents produced by the teams; In the surveys, we
focused on communication because we expected that communication would be a key
factor that would cause performance variances. The surveys also collected team
members’ motivation, satisfaction and ratings on other members’ performance. (Ap-
pendix B is the survey for CS students in 2014, the survey for HU students was
similar).
We used cognitive social structures (CSS) survey to collect data for social network
analysis. The survey is to collect team members’ individual perceptions of the rela-
tionships among each other, such as the perceptions of which team member will go to
the other for help (see Appendix H). To measure the performance variance, the team
process survey, which is similar to the semester survey mentioned above, was given to
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students three times during the 2015 semester. One example is shown in Appendix I.
3.3.2 Participants
In general, there are 99 students (76 male and 23 female) who have registered the
course from 2013 to 2015. These students worked in 17 teams, including five develop-
ment teams in 2013, six in 2014, and six in 2015. Each team comprised five to eight
team members, including four to six CS team members and one to two HU team
members. The teams in 2013 were Lichen, Stream, ROV, Beach, and Tracking; the
teams in 2014 were Watershed, Mega Crystal, Tree Walkers, Thunder Bay, Google
Fox, and Water Level Wizards and the teams in 2015 were Fisheye, CoCo, Field,
Bear, Deer and Ice.
The development teams were organized during the first week of the semester. Al-
though teams were primarily self-organized, the instructor confirmed that each team
had at least one member with Android experience. Each team had one or two sci-
entists who were both clients and domain experts. In 2013, the Lichen team had
two scientists. One was remote, meaning that it was not possible to have face-to-
face communication; the other scientist was local. The Beach team had one remote
scientist. The other three teams all had one local scientist. In 2014, all teams had
remote scientist, except that Watershed team’s scientist was local. In 2015, all the 6
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teams had remote scientists. The teams chose which app to develop. All the citizen
science applications were environment related and were intended to enable citizens
to gather information from the local community environment for scientific purposes.
For example, the Lichen team developed an app for users to observe and collect data
on the distribution of lichen species, which can be used as an air quality indicator.
The Stream team developed an app for users to record the condition of stream health
and erosions at road crossings.
In total, twenty-five groups of students (79 students) participated in the laboratory
experiments to test the supporting document effect, with three students in each group:
ten control mixed-discipline groups without document and ten experimental mixed-
discipline groups provided with document, and another five single-discipline groups
to test the diversity effect. Most participants for the experiment were recruited from
the senior classes of the Department of Computer Science. Apart from that, the
participants other than computer science students were from the senior classes of the
Department of Humanities and the Sona systems subject pool at Michigan Techno-
logical University. We required that students who have taken the HCI course cannot
participate the study in order to eliminate the bias that they may have by having
been trained in the course and know more about the design process.
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Chapter 4
Collaboration between
Development Team and Client
A critical phase of software development is requirement gathering, which involves
communication between users, clients, software developers, and managers. 1 All the
citizen science apps in our project were environment related and were intended to
enable citizens to gather information from the local community environment for sci-
entific purposes. Anyone can use the apps to submit data in a scientific field. Finally
the data collected will be used by the scientists. Therefore, the scientists are not
only domain experts, but clients as well. We decided to first study the communi-
cation between the development teams and clients during the requirement-gathering
1Part of the contents presented in this chapter have been published in the journal of Human Factor
and Ergonomics Zhang & Pastel (2014).
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phase. We suspected that their communication about requirements is important to
the citizen science application development. If developers misinterpret requirements,
the scientists will ultimately not use the application and the application will lose its
value.
Related work in requirement gathering shows that errors in requirements can cause
considerable delays and possibly result in project failure (Sommerville & Sawyer,
1997). About one-third of software projects are completed without gathering suf-
ficient requirements from clients (Chatzoglou & Macaulay, 1996). In global software
projects, the lack of informal or face-to-face communication can have a negative im-
pact on requirement gathering (Damian, 2007). It could be more difficult to schedule
a time with a remote clients to collect requirements. Relying too heavily on indirect
links, such as customer surrogates, to gather requirements can also lead to project
failure because information could be easily lost when the message is passing between
more people (Keil & Carmel, 1995). Consequently, the communication between de-
velopers and clients is critical during the requirement gathering phase of software
development and can determine the success of the entire project. This chapter de-
scribes an ethnographic study conducted in 2013 and 2014, and an experimental
study conducted in 2015, focusing on the communication and collaboration between
the software development teams and their clients.
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4.1 Study I, Observation on the Collaboration
Between Software Development Teams and
Clients, 2013-2014
In Study I, we observed the communication between developers and scientists during
the development of five citizen science apps in 2013, with a comparison of the devel-
opment process of the six apps in 2014. Our goal was to discover possible deficiencies
in the communication or development process and to delineate critical factors that
led to success.
4.1.1 Hypothesis
We suspected that communication could be a direct measure of collaboration, that
the communication between software developers and clients is a critical factor to
the success or failure of a project, and that more communication between the two
stakeholders is better. Our hypotheses for this study were:
Hypothesis 1: The communication between software developers and clients can
predict better requirement gathering.
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Hypothesis 2: The quantity and quality of communication between software devel-
opers and clients can positively impact team performance during the develop-
ment process.
4.1.2 Methods
We made many observations using ethnographic techniques to investigate the commu-
nication between teams and their scientists, and development processes. We collected
data through surveys, email records, semi-structured interviews, and documents pro-
duced by the teams. We distributed surveys to investigate communication between
scientists and development teams across two years in order to compare the rating
results and to evaluate the modifications on the course.
4.1.2.1 Participants
The observations were made on the development teams in the class in 2013 and 2014,
including all the students enrolled in the class. There were 5 teams in 2013, including
19 CS students and 8 HU students, and 6 development teams in 2014, including 27
CS students and 10 HU students. All students responded the surveys in 2013 and
2014. The email records and meeting notes were collected from all the development
teams. We received consent from both the scientists and developers before collecting
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the data.
4.1.2.2 Materials
In 2013, we distributed a survey at the end of the semester to both CS and HU stu-
dents (Appendix A is the survey for CS students, the survey for HU students was
similar). In the survey, we asked students to estimate the communication frequency
with scientists and their teammates. For example, we asked the question “How fre-
quently did you use EMAIL to communicate with your scientist”. In 2014, we also
distributed a survey to students from both disciplines at the end of the semester
(Appendix B is the survey for CS students, the survey for HU students was simi-
lar). In addition to communication questions, we added questions about motivation,
confidence, conflict, and self-ratings on team performance. For example, “Rate the
average CS team members’ performance”, ”how you enjoyed the development process
working with your teammates”. Developers also kept good documentation on their
development process on the group websites. These included dated meeting notes and
design documents.
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4.1.2.3 Procedure
We closely observed the development team process both on and after the class in 2013
and 2014. The emails and meeting notes were collected in order to better investigate
the communication process because the teams were distributed. At the end of each
semester, we distributed the paper-based survey introduced in the above section.
Other than these, we conducted semi-structured interviews with at least one team
member and with the whole team. During the interview, we asked participants to
recall the communication process with their scientists, such as how many meetings
did you have with your scientist. The interviews were recorded.
4.1.2.4 Data Analysis
We estimated the quantity of communication in all media from the survey. In the sur-
vey, we asked questions ”how frequently do you meet with your scientists?” and they
could respond ”daily”, ”once a week”, ”twice a week”, ”twice a month” and ”once a
month”. We counted emails and deduced the number of meetings according to emails,
meeting notes, and interviews. We also studied documents that developers received
from scientists and qualitatively determined their contribution and effectiveness to
the design of the app. We focused on the Lichen and Stream teams because they had
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a large disparity in the quantity of communication with their scientists and perfor-
mance difference in the usability tests and software correctness. We determined the
development progress by checking the dates and phases of the apps’ development from
email records, meeting notes, and interviews. To analyze the communication records,
we used both content and pattern analysis. We read the content of the emails to
look for information about teams’ development timeline. We also use social network
analysis to explore the patterns of team structures. The emails were categorized in
terms of subjects, and the information flow structure among the emails was captured
through social network analysis (L. C. Freeman, 1979). The course was modified in
2014 according to the insights from the observations and the survey in 2013. The
rating results were compared using t-test to evaluate the effect of the modifications.
4.1.3 Results
We investigated the communication media in the survey by asking questions such as,
“How frequently did you use the PHONE to communicate with the scientist?” The
counts were estimated by transforming the responses. For example, if a team member
respond to the frequency of meetings as once a month. Because there are about four
months in a semester, we estimated the number of meetings to four according to this
team members. We transformed the responses into estimated counts in order to learn
the frequency of their communications in each mode. In 2013, the study started in
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the middle of the semester. Therefore I could not have an observation of the team
communication across the whole semester. However, we could ask team members to
estimate the communication frequency in the survey at the end of the semester. Their
estimations should not be used quantitatively, but can be qualitatively compared.
This helps us to better understand the quantity of communication in each team in
general. As Figure 4.1 shows, email was the most commonly used communication
medium. The Lichen team had much more communication than the other teams.
Figure 4.1 Communication Medium Distribution from Survey 2013
In order to test the estimation of the communication frequencies above, we studied all
email records between developers and scientists for the five teams during the 93 days
of app development. The total number of emails was 146. Table 4.1 summarizes the
number of emails according to subject matter for each team. The Lichen team sent
99 emails in total, while the other teams sent no more than 20 emails. This number
of emails tests what developers have estimated in the survey as Figure 4.1 shows,
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Table 4.1. Summary of Email Quantities by Category
Email Categories Beach Tracking ROV Stream Lichen Total
Requirement Gathering 2(12.5%) 5(38%) 0 5(55%) 56(56%) 68(%)
App and Code Design 2(12.5%) 0 0 1(12%) 4(4%) 7(4%)
Arranging Meeting 12(75%) 8(62%) 9(82%) 3(33%) 42(42%) 74(47%)
Task Negotiation 0 0 2(8%) 0 2(2%) 4(2%)
Total 16(100%) 13(100%) 11(100%) 8(100%) 99(100%) 146(100%)
that the Lichen team sent more emails than the other teams. In general, most of the
emails were about arranging meetings (47%) and requirement gathering (43%).
We used social network analysis to determine the structure of the email communica-
tions (L. C. Freeman, 1979). A social network is illustrated by a graph representing
the communication flow. We considered scientists and developers as distinct social
actors in the network, who are connected by emails. Figure 4.2 shows the email
network between only the scientist and team members for the Lichen team. Other
teams had similar structures. One developer sent all the emails to the scientist, and
the scientist responded by emailing the entire team. We learned from retrospective
interviews that the teams deliberately assigned one of their team members to coor-
dinate communication with the scientists and relay the communication to the rest of
the team.
Requirements can be communicated to the developers by documents, such as require-
ment lists or example forms. Table 4.2 compares the documents that the Lichen
and Stream teams received from their scientists. We categorized the effectiveness
of the scientists’ documents at communicating the protocol and specifying the user
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Figure 4.2 Email Network of Lichen Team 2013. The node indicates actors including
the team members and the scientist of the team. The line indicates there are emails
that have been sent between the two actors. The arrow indicates the direction of the
emails.
interface (UI) for the app. Lichen developers received an article about lichens from
the scientist, which was more than one hundred pages and difficult to translate into
requirements. The developers had to ask the scientist to interpret the article so that
they could translate it into requirements. The Lichen team also received a spread-
sheet and pictures of lichen species late in the development phase. Interpreting the
documents was a topic of Lichen’s fourth meeting with the scientist. The Stream team
received a stream reporting form which effectively communicated the app’s protocol
and served as a template for the main view of the user interface. During the interview
with the Stream team, the form was referenced as the “requirements sheet”. None of
the three documents from the Lichen scientists appropriately served to specify both
the protocol and the UI. The document from the Stream scientist was very effective
for specifying both the app’s protocol and UI aspects.
38
Table 4.2. Effectiveness Purpose of Lichen and Stream Team’s Scientist Documents
Team
Scientist Document’s Purpose
Document Protocol UI
Lichen
Article about lichens No Yes
Spreadsheet of lichens Yes No
Pictures of lichens No Yes
Stream Stream reporting form Yes Yes
Teamwork efficiency was investigated by studying the development progress. Fig-
ure 4.3 shows a progress summary of the two teams, with the days that they spent
working during each phase of the development. The initiation and completion date
of each phase is based on email content, interviews with team members, and meeting
notes. The progress shows five specific phases: background learning, requirement
gathering, app protocol development, app design, and implementation. There were
93 days for these phases before the usability testing of the apps, which was a fixed
deadline. Phases were scheduled during the course via assignments, but teams could
slip on deadlines or continue working on a phase after the minimum requirements for
that assignment were met. Both teams used a short period to become familiar with
the domain and context of the apps. Requirement gathering is the most distinctive
phase between the Lichen and Stream teams. It covered most of the development
process for the Lichen team. The Stream team contacted their scientist immediately
upon completion of app’s domain and context, asking for requirements, but the team
did not receive a response for 27 days even after sending two follow-up emails. This
is depicted as a delay in requirement gathering in Figure 4.3. After the scientist’s
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response, they finished requirement gathering in a few days. Understanding and de-
signing the app’s protocol took a long time for the Lichen team, more than 30 days.
Our study of the Stream team’s communication did not uncover any discussion about
the app’s protocol. Both teams spent the rest of the development process designing
the software. The Stream team began implementation while designing. We could
not find any communication indicating that the Lichen team discussed implementa-
tion. But according to the course assignment that they had deadline for finishing the
project for usability testing, we deduced that due to the course deadline, they rushed
all the implementation at the last minute after requirements were gathered.
Figure 4.3 A Summary of the Lichen and Stream Team Progress.
Teamwork effectiveness is an appraisal of the outcome and quality of the delivered
product by a team Salas et al. (2008). In our case, the teamwork quality could be
measured in several ways. Course grades could be one of the measures, because this is
a course project. However, the grades were given mainly based on the individual con-
tribution to the project; The graduate students perform the usability tests at the end
of the course. They report the evaluation of the apps including the user acceptance
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and software errors, which could be a measure of the quality of the apps. Therefore
we determine to use the usability test reports as a measure of team effectiveness. Four
of the five teams conducted usability tests. All four apps had the correct and minimal
functionality according to the test reports. Focusing on the Lichen and Stream app,
the Stream team did better than the Lichen team in the usability test, with less than
half as many software errors and better user acceptance. In total, the Lichen app
contained five errors and the Stream app had two errors. The usability tests for both
the Lichen and Stream apps investigated user acceptance of the apps. The Stream
team used dichotomous questions, asking if users thought the app was easy and intu-
itive to use. All seven users gave positive feedback by answering “yes”. The Lichen
team used a Likert scale, and users could strongly disagree, disagree, be undecided,
agree or strongly agree. When asked if the app interface was pleasant, one respondent
strongly disagreed, one disagreed, one was undecided, and three agreed. When asked
if they enjoyed using the app, one user disagreed, three were undecided, and two
agreed. Only one user out of six said he would use the app again. Consequently we
summarize that the Lichen app’s user acceptance was much lower than that of the
Stream app.
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4.1.4 Discussion
The Stream team had better performance than the Lichen team in both team effi-
ciency and effectiveness. Given the data and results described above, our goal was
to determine the causes of the differences between the two app’s usability test results
and software correctness.
As for emails, our result from the survey shows that the Lichen team had sent more
than ten times as many emails as the Stream team. Although they had one remote sci-
entist, the scientists were more responsive with emails. The Lichen scientists usually
responded to emails about scheduling meetings within hours and responded to emails
on requirements within several days. The responses of the Stream team’s scientist
were slow. One response on requirements was delayed nearly a month. Considering
the number of meetings between scientists and developers, the Lichen team had twice
as many as the Stream team, which suggests that the emails were effective for the
Lichen team in arranging meetings and that the Lichen scientists were accessible.
The Lichen team’s slip in requirement gathering could indicate that email was an
awkward tool for requirement gathering, but not for arranging meetings.
The Stream team was delayed in the beginning of requirement gathering because of
the slow response from their scientist. But they finished gathering all the necessary
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requirements in a few days after receiving the information from the scientist. The
Lichen team started gathering requirements earlier, but it took them two months
to get all the necessary requirements. This delay impacted implementation, because
the teams had only one semester and if they spent too much time on requirement
gathering, they would have less time on development. We do not believe the delay
was caused by the remoteness of one of the scientists because their scientists were re-
sponsive. Rather it is caused by the ineffectiveness of the document that the scientist
has provided to the team.
As for the scientists’ documents, the scientists for the Lichen team provided several
documents to deliver requirements. The article about lichens was very long and too
academic for the developers, who were not familiar with the domain. The spread-
sheet informed the developers about the app protocol, but the fourth meeting late
in the semester suggests that it was not easy to use. We believe that none of the
three documents from the Lichen scientists appropriately served to specify either the
protocol or the user interface. The scientist for the Stream team sent an actual form
used by professionals to record stream conditions, which specified the exact stream
traits and characteristics that needed to be implemented in the app. The document
was very effective for specifying both the app’s protocol and the user interface.
There might be other potential influences on team performance. In the first study,
we did not measure the individual differences of stakeholders, such as the developers’
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and scientists’ communication skills; consequently, we cannot determine how much
they influenced the difference in performance of the two teams. The complexity of the
apps is another possible difference that may have influenced the results. The length
of the programs can be used to compare the relative complexity of the app. The
Lichen app was approximately 25% longer than the Stream app according to the size
of the implementation tasks. This measure of program complexity suggests that the
Lichen app was slightly more complex, but we do not believe this explains all of the
Lichen team’s development delays. We believe that the lack of an effective document
clearly specifying the app’s protocol must have influenced the time spent developing
the app. The scientists served as more than only clients. They are very motivated to
have an actual app and have agreed with the course instructor on the responsibilities
on providing the teams domain expertise and supports during the development pro-
cess. Communication between development teams and clients is a critical factor in
requirement gathering during software development and is more varied than simply
verbal. Moreover, documentation could be another way of communication. Contrary
to our initial beliefs, sending more emails does not necessarily lead to better perfor-
mance. Appropriate and understandable documents delivered by the client can serve
an important role in the communication of requirements and are sometimes critical
for a successful implementation. Therefore, it is the quality, rather than quantity,
that is important to effective communication between software developers and clients
in requirement gathering. The high quality of the communication makes scientists
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and the teams to reach a common goal and a shared understanding of the app re-
quirements, mainly that scientist were able to communicate what app features they
want. Our findings also suggests the critical role played by clients throughout the
development process.
4.1.5 Modifications and Results
As we hypothesized that the communication between software teams and clients can
predict better requirement gathering. The case study of Lichen and Stream team
indicates that the their communication is critical to requirement gathering phase.
Ineffective communication can cause delay of gathering necessary requirements. We
also hypothesized that the quantity and quality of communication can impact team
outcomes. It turns out that more communication does not necessarily bring better
team performance. It is not quantity but quality of communication that positively
influence team outcomes. The findings of the previous study provided us with insights
for ways to improve the development process, which we used to modify the course in
2014. We invested more time preparing our clients-scientists at the beginning of the
process. Besides ensuring that the scientists had a concrete app idea, we searched
for any documents that the scientists could share with the development teams, such
as forms, reference tables, example data collections, and written descriptions of their
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protocols. We requested that the scientists have the documents ready to give the de-
velopment team. We examined the documents’ ability to communicate requirements
to the development teams. The instructors reviewed the documents before the course
and subjectively evaluated that wether the document communicate the requirements
clearly. For example, if the document is an introduction paper on the domain knowl-
edge, we consider it not effective document because it requires students to spend lot
of time reading and figuring out the app requirements themselves; otherwise if the
document is a table that the scientist uses to collect data, including all the features
that the scientist wants, we consider it an effective document. If the documents were
lacking, we asked the scientists to produce new documents or to revise the existing
ones.
Because clients are critical throughout the development process, we explained the
development process during our initial interviews with the clients. Before the devel-
opment process began, we distributed a document to both the clients and development
teams that detailed the process and described the roles of each stakeholder including
the scientists and the teams (see Appendix C). In effect, this document was an “agree-
ment” between the clients and the development teams. In addition, this agreement
document scheduled meetings throughout the development process. Two meetings
were scheduled for requirement gathering at the beginning of the development pro-
cess. Two additional meetings were scheduled to the teams to present their designs
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and receive feedback on their designs. The first design presentation was a paper pro-
totype and the second presentation was a higher fidelity prototype, meaning a nearly
complete app. A final meeting was scheduled after the usability tests. Inevitably,
clients had suggestions for improving their apps after each meeting. The agreement
document explained the extent to which the app design could change at each phase of
the development between the development teams and scientists. We did not require
such meetings in the first year. All the meetings and communication in 2013 were
depend on the teams and their scientists.
Because team efficiency refers to the time to complete tasks Salas et al. (2008). In
our case we used an app completion time to measure teamwork efficiency. At the
conclusion of the course, three of the six apps were completed, two apps were nearly
completed, and one app was functional but not satisfactorily completed. The percent-
age of satisfactorily completed apps doubled from the year 2013 to 2014. In the first
year, only 40% (two out of five) of the apps were satisfactorily completed, while 83%
(five out of six) of the apps were completed in the second year. There was an increase
in the number of teams completing their apps compared to the previous years, which
we attribute in part to the changes we made on the course.
Teamwork effectiveness was also measured using the usability test results. Using
the results from usability tests of the four completed apps from 2014, we compared
them with the Lichen and Stream apps from 2013. Table 4.3 summarizes the results.
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Table 4.3. Across-year Comparison of Usability Test Reports
Year Teams
User Acceptance Average Software Errors
Positive Neutral Negative errors/person
2013
Lichen 3 1 2 0.83 (5/6)
Stream 7 0 0 0.29 (2/7)
2014
Watershed 18 0 0 0
Mega Crystal 3 1 0 2 (8/4)
Water Level Wizards 6 0 0 0.17 (1/6)
Tree Walkers 8 1 0 2 (18/9)
Due to the small sample size of each test, we cannot make statistical analyses of the
results, but we can qualitatively compare the number of user acceptance responses
and software errors. The reports showed that the user acceptance responses improved
from 2013 to 2014, but the software errors varied from different teams. We believe that
there are influences from factors other than the communication of the development
teams and clients on requirements, which we will study further.
Students’ ratings of scientists in two years also indicated that a progress has been
made. In both 2013 and 2014, we asked students to rate the communication and
performance of their scientists. Table 4.4 provides the summary of the across-year
comparisons. There is a significant difference between the CS students’ rating of the
scientists from year 2013 to year 2014 (t(26, 1) = 4.99, p < .001), but no significant
difference in the HU students’ communication rating with the scientists (t(12. 6) =
1.86, p = .086). Adjusted Hedges’s g is the difference between the means scaled by the
pooled standard deviation and adjusted for sample size bias Hedges & Olkin (1995).
It is an unbiased standardized effect size and is a measure of the change in the effect
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Table 4.4. Across-year Comparison of Communication and Performance Ratings
(students⇒scientists)
Ratings
2013 2014
t value df p value
Mean sd Mean sd
Communication 4.08 1.45 6.00 0.92 4.99 26.1 3.5× 10−5
Performance 4.13 1.70 5.85 0.95 3.90 24.1 8.6× 10−2
due to an intervention. In this case, the change in effect is the difference between
the students’ mean response on the surveys, and the intervention is the modifications
made to the courses. Hedges’s g (estimated value and standard deviation) for the CS
students is 1.24 ± 0.3 and for the HU students is 0.91 ± 0.5. For both the CS and HU
students, the modifications to the coordination and communication with the scientists
had a large effect on the students’ communication rating for the scientists. Therefore,
we determined that students felt better working with their scientists after we modified
the courses. The modifications have successfully facilitated the collaboration between
the development teams and clients.
4.1.6 Summary of Study I
The goal of Study I was to verify the vital role of the communication between soft-
ware developers and clients during requirement gathering, delineate critical factors in
communication that led to success (i.e. the scientists’ documents), and incorporate
the insights into modification of the development process. We found that during the
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requirement-gathering phase, emails are not always the most reliable or suitable com-
munication medium. Email frequency is not as important as we expected. Instead,
the quality of communication has a larger effect on communicating requirements, and
frequency of email communication may reflect poorer information sources, rather than
better communication. Documents from clients are critical to facilitate the process.
Explicitly, Study I demonstrated the importance of clients’ documents for specifying
requirements, but it also suggested implicitly the critical role of clients throughout
the development process.
4.2 Study II, Experiment on Supporting Docu-
ment Effect, 2015
The experiment discussed in this section was designed and implemented in order to
test the effects of supporting document on the app development process. In particular,
the experiment explored the documents’ effects on software development completion
times, the completeness of the app designs, and number of generated ideas.
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4.2.1 Hypotheses
As shown in the prior study, the documents received from scientists effectively fa-
cilitated the software development process, particularly in the requirement-gathering
phase. However, we were concerned that, although the supporting documents can
lead to more complete solutions, too much support might inhibit the number of ideas
that the teams generated. Besides, we want to test the effect of interdisciplinary
collaboration in software development, therefore we have two types of teams, mixed
and single discipline teams: the single discipline teams consist of team members from
only CS discipline, while the mixed discipline teams consist of members from CS disci-
pline and others such as humanity and psychology. We assumed that mixed-discipline
teams can bring us more varied ideas than single-discipline teams because they have
members from more than one discipline. Thus we hypothesized the following:
Hypothesis 1: The availability of supporting documents that can specify require-
ments will reduce the amount of time required for the software interface design.
Hypothesis 2: The availability of supporting documents that can specify require-
ments will lead developers to generate fewer ideas.
Hypothesis 3: The mixed-discipline teams will generate more diverse app design
ideas than the single-discipline team.
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4.2.2 Methods
In this experiment, student participants worked in teams to design the first prototype
of an app interface. We observed the design process and investigated the duration
and their final delivered prototypes.
4.2.2.1 Experimental Design
Two type of teams were organized, a mixed type, composed of students from CS-
related disciplines and other disciplines, such as humanities and psychology and a
single type, composed of students from only CS-related discipline. We created 25
groups that were assigned to complete the design task: ten mixed teams and five
single teams serving as control groups and ten mixed teams serving as experimental
groups. Between-groups measures were used to gauge the effect of providing the
supporting document, which included a table of data from a hypothetical scientist
observations (see Appendix D). Groups in the controlled scenario did not receive
supporting document, while groups in the experimental scenario did receive it.
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4.2.2.2 Participants
Seventy-nine college students (68 male and 11 female) participated in this study for
extra course credits. Three-quarters of the students came from Computer Science
(CS) or Computer Science-related disciplines, such as Computer Engineering; the re-
minder included eight percent Humanities students and 17% from other disciplines
such as Mechanical Engineering, Civil Engineering. Among the participating under-
graduate students, 35% were seniors, 32% were juniors, 27% were sophomore, and
2% were freshmen; in addition, 4% of the participants were graduate students. We
tended to recruit senior-level students because they potentially have more experience
in software development, particularly those who are Computer Science students.
4.2.2.3 Materials
In the experiment, the interface that participants were required to design was for
a citizen science app that involved collecting information on deer and deer-vehicle
collisions (see Appendix E). People would use this app to report the location of
deer on the side of the roads or deer-vehicle collisions. Animal-related car accidents
have resulted in many deaths and injuries, particularly in Michigan. The data would
provide information about the migration patterns of the deer population for scientists
and identify dangerous sections of roadways for drivers. Based on the user story,
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participants were asked to generate and prototype the app flow interfaces in about
an hour (see an example in Appendix F).
The idea of the app comes from a citizen science app that students developed in
2015. The supporting documents provided were faked according to the information
provided by the scientist. It is a table including the features that the scientist may
mostly need (see Appendix D).
After they had completed the design, each participant was given a self-report ques-
tionnaire (see Appendix G). The questionnaire included background information ques-
tions and three retrospective questions:
• Select the ideas that you have IMPLEMENTED in the final design of your app.
• Select the ideas that you have CONSIDERED, VOCALIZED to your teammates,
but NOT ADOPTED in the final design of your app.
• Select the ideas that you have CONSIDERED, but DID NOT VOCALIZED to
your teammates.
A number of ideas were listed below each of the preceding questions, such as loca-
tion by map, number of deer, type of deer and so on. The data of the post-study
questionnaires will be analyzed based on groups.
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4.2.2.4 Procedure
In the experiment, each team member first signed an informed consent agreement.
Teams were composed of three participants and were presented with a prototyped
interface example drawn on paper, along with several pieces of blank paper and
pens. The experimenter also distributed the user story of the app and instructed
the participants to spend about three minutes reading it. The experimental groups
received the supporting document, which the teams could use for reference. Next,
the participants worked together to create and prototype the app flow screens on
paper. After they had completed the design, each participant was given the self-
report questionnaire. Participants were instructed to place a check by the ideas they
had implemented, discussed or considered and to add other ideas if their ideas were
not listed. Pizza and snacks were provided during the experiment. Apart from the
extra course credit, this is a big incentive for students to participate the experiment.
Considering that all teams are provided with food and drink in the same procedure,
we assumed that this will not bias team performance including completion time. The
task completion time for each team was recorded and the experimenter took notes on
the ideas generated during the design process. The whole procedure was recorded by
video.
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4.2.2.5 Data Analysis
Three factors were measured in this experiment study: task completion time, task
completeness (meeting the minimum app requirements), and the number of ideas
generated. Task completion time was measured from when participants began to
read the user story to when they completed prototyping. To measure completeness,
we assigned six parameters as the minimum app requirements and checked how many
of them each team had included in their design. If ideas other than the six minimum
app parameters were generated, they were recorded and used to measure diversity.
An between-subjects analysis of variance (ANOVA) was used to compare variance
of completion time and completeness and diversity of generated ideas by the mixed
teams without supporting document, mixed teams with supporting document, and
single teams without supporting document. A post hoc test, the Tukey HSD (honest
significant difference), was performed after each ANOVA test to determine which
groups differed.
A t-test was performed to compare the mean differences of the responses to the three
retrospective questions after the experiment between the two scenarios, with and
without supporting document.
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4.2.3 Results
Fig. 4.4 shows the distributions of task completion time for each type of team. The
mixed teams with supporting document used less time (32±4 minutes) than the other
two groups without supporting document (42±7 minutes for mixed teams and 44±8
minutes for single teams). Table 4.5 shows that the amount of time it took each type
of team to complete the interface design was significantly different, F(2,22)=7.3, p =
0.0037. The post hoc test clarifies that mixed teams without supporting document
were significantly different from the other two types of teams (see Table 4.6).
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Table 4.5. ANOVA Analysis for Variance of Task Completion Time
df SS MS F value p value
Between groups 2 655 327.5 7.3 0.0037*
Residuals 22 986 44.8
Table 4.6. Tukey HSD Post Hoc Testing on Variance of Task Completion Time
diff a lwr a upr a q value b p value
mixed team w/o doc - single team w/o doc 2.6 -6.6 11.8 1.00 0.76
mixed team w/o doc - mixed team w/ doc -9.4 -16.9 -1.88 4.44 0.01*
single team w/o doc - mixed team w/ doc -12.0 -21.2 -2.79 4.63 0.01*
adiff indicates the difference between means; lwr and upr are the lower and upper bounds of the 95% confidence
interval.
b
q value or studentized t value is based on a studentized range distribution with the number of populations of
3 and degree of freedom of 22 (q0.05 = 3.55).
The center graph in Fig. 4.4 shows the number of necessary features to complete
of the app generated by each type of team. For the six features that constituted
completeness (the left graph), almost all the mixed teams with supporting document
generated all of the six features. The other two types of teams generated relatively
fewer necessary features than the teams that received the supporting document. As
shown in Table 4.7, there were significant differences in the number of completeness
ideas among the three types of teams, F(2,22)=6.14, p = 0.0076. The post hoc test
shows that results for mixed teams without supporting document were significantly
different from mixed teams with supporting document (see Table 4.8).
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Table 4.7. ANOVA Analysis for Variance of Completed Ideas
df SS MS F value p value
Between groups 2 4.3 2.15 6.14 0.0076*
Residuals 22 7.7 0.35
Table 4.8. Tukey HSD Post Hoc Testing on Variance of Completed Ideas
diff a lwr a upr a q value b p value
mixed team w/o doc - single team w/o doc 0.2 -0.61 1.01 0.87 0.81
mixed team w/o doc - mixed team w/ doc 0.9 0.23 1.56 4.81 0.007*
single team w/o doc - mixed team w/ doc 0.7 -0.11 1.51 3.06 0.10
adiff indicates the difference between means; lwr and upr are the lower and upper bounds of the 95% confidence
interval.
b
q value or studentized t value is based on a studentized range distribution with the number of populations
of 3 and degree of freedom of 22 (q0.05 = 3.55).
The graph on the right in Fig. 4.4 shows the distribution of diverse ideas for each
team setting. The two teams without supporting document generated more varied
ideas than the teams with supporting document. The results in Table 4.9 shows
significant difference for the number of complete ideas among the three types of
teams, F(2,22)=15.29, p < .001. As shown in Table 4.10, the post hoc test results for
mixed teams without the document were significantly different from the mixed teams
with the document. However, mixed teams without the document did not yield
considerable more ideas than single discipline team without the document. This is
contradictory to our hypothesis 3.
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Table 4.9. ANOVA Analysis for Variance of Generated Ideas
df SS MS F value p value
Between groups 2 107.6 53.78 15.29 6.89× 10−5*
Residuals 22 77.4 3.52
Table 4.10. Tukey HSD Post Hoc Testing on Variance of Generated Ideas
diff a lwr a upr a q value b p value
mixed team w/o doc - single team w/o doc 0.1 -2.5 2.7 1.38 0.99
mixed team w/o doc - single team w/ doc -4.2 -6.3 -2.09 7.08 0.0001*
single team w/o doc - mixed team w/ doc -4.3 -6.9 -1.7 5.92 0.001*
adiff indicates the difference between means; lwr and upr are the lower and upper bounds of the 95% confidence
interval.
b
q value or studentized t value is based on a studentized range distribution with the number of populations
of 3 and degree of freedom of 22 (q0.05 = 3.55).
Participants were asked to recall the number of ideas they considered, discussed, and
implemented during the development process; the number of ideas they considered
and discussed but did not ultimately implement; and the number of ideas they con-
sidered but did not vocalize. We analyzed the responses to these three retrospective
questions in the post- study survey. A t-test was performed to compare the number
of ideas between the groups with and without supporting document. Table 4.11
shows the average number of ideas and variation for the three questions. Most ideas
that were considered were articulated and discussed with other team members. The
statistics show no difference between groups with supporting document and without
supporting document. For the ideas that were considered, vocalized and implemented,
61
Table 4.11. Summary of the Self-reported Ideas from the Post-study Survey
Considered, Vocalized
Considered and Vocalized Considered
and Implemented
mean± sd mean± sd mean± sd
w/o doc 8.67± 2.5 0.76± 0.8 0.49± 0.9
w/ doc 8.38± 2.0 0.88± 1.2 0.71± 1.4
the statistical result is t(77)=0.55, p=0.58; for the ideas that were considered and vo-
calized, the statistical result is t(58)=-0.53, p=0.59; for the ideas that were considered
only, the statistical result is t(52)=-0.77, p=0.43.
4.2.4 Discussion
Overall, all the three measures (time, completeness, and diversity) presented sup-
porting evidence to our hypotheses 1 and 2 that software teams, with supporting
documents with an explicit table for requirements, spent less time and were more
likely to generate all of the basic app requirements. But their ideas were restricted
by the document, and they generated fewer ideas. Participants tended to discuss
their ideas with their team members during the design process, rather than keeping
ideas to themselves, regardless of whether or not supporting document was provided.
However, the difference on diversity of app design ideas between mixed and single dis-
cipline teams is not significant as we hypothesized. The interdisciplinary collaboration
62
is not a strength factor to influence the number of diverse ideas in the experiment. We
attribute this to the characteristics of our teams in the experiment. The teams were
temporarily established to complete a quick task within one hour. The collaboration
was too short for team members to know each other and to be influenced by their
disciplines. In the context of the course, one semester could be long enough to have
such disciplinary impact.
Requirement engineering is heavily reliant on documentation as a way for stake-
holders to communicate and share knowledge with software developers. Researchers
suggest that a requirement specification document can even be part of the contract
Paetsch et al. (2003). Our study showed the effectiveness of even documents that
support requirement elicitation in improving team efficiency. However, there is one
caveat: when provided these documents, developers are less likely to think outside
the box and tend to generate fewer unique ideas. While conducting this study, we
noticed that participants in the experimental groups with the supporting document
were more likely to focus on the document after reading the user story. They tended
to use the supporting document as a guideline for their interface design. This may
explain why they could complete the task faster than other groups.
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4.2.5 Summary of Study II
This experiment provided evidence of the impact of supporting documents on app
development. The document facilitates the app interface design by reducing the total
amount of time spent on design and by guiding developers to complete more of the
app requirements, but it also leads to less variety of design ideas. This result further
supports Study I’s findings about the role of documents in requirement gathering and
the entire software development process. On one hand, improving team efficiency is
very beneficial in software development because software projects are usually very
time sensitive, and schedule delays can result in cost and budget overruns. On the
other hand, software development is a creative process, that should not be overly
restricted by any technologies or tools.
4.3 Conclusion of the Study of the Collaboration
between Development Teams and Clients
Hoegl Hoegl & Gemuenden (2001) indicated that teamwork quality alone cannot ac-
count entirely for team performance. Besides teamwork, many other factors can
influence a team’s performance, including management and organization, interaction
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between the team and other stakeholders, and team members’ traits. In our stud-
ies, stakeholders other than developers, such as clients, play a more important role
during the project development process than what we had expected. Development
teams do not work on projects in isolation, but work within a stakeholder system in
which everyone directly or indirectly relates and contributes to the project. Project
managers and developers need to involve other stakeholders much more during the
development process instead of working in an isolated environment, even though this
will probably consume more time and lead to other issues.
Requirement gathering is the first phase in the software development process and is
very critical because the process involves eliciting clients’ needs and translating them
into details of the software. Documents supporting requirement elicitation can effec-
tively facilitate software development process by improving the scheduled progress
performance, particularly in the requirement gathering phase. However, our exper-
iment also indicates that, the documents confined the variety of ideas generated by
developers. Participants focused on the supporting documents and were less likely
to generate more creative ideas for the app. Therefore, rather than focusing only
on documents, developers should communicate with clients in person frequently until
reaching agreement on an app’s requirements and should adapt their app solutions to
correspond to clients’ changing requirements. This also suggests that managers must
get clients more involved in the development process, for example, by holding more
meetings with development teams.
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Chapter 5
Intra-Team Collaboration
Intra-teamwork quality can be measured by six aspects: communication, coor-
dination, balance of member contributions, mutual support, effort, and cohesion
(Hoegl & Gemuenden, 2001). 1 We investigated our teams on all these aspects
through observation, questionnaires, and interviews, with an emphasis on the co-
ordination and communication within teams. To achieve the common task goal of
developing a citizen science app, team members need to coordinate, which means
planning individual “parallel subtasks” to reach an agreement on work structures,
schedules, budgets, and deliverables (Hoegl & Gemuenden, 2001). The aim of coor-
dination is for each team member to be clear about their sub goals. In order to study
team coordination, we used social network analysis to explore team information flows
1Part of the contents presented in this chapter have been published in the journal of ACM Transac-
tions on Computing Education (TOCE) (Pastel et al., 2015).
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and delineate team working structures.
Numerous studies (Gemuenden & Lechler, 1997; Griffin & Hauser, 1992;
Hoegl & Gemuenden, 2001) support the theory that frequent communication
within teams helps to insure project success. Our surveys placed an emphasis on
studying team members’ communication, in particular between team members from
different disciplines, because we considered communication one of the most important
measures of teamwork for our interdisciplinary teams. However, interdisciplinary
communication is usually not easy and can cause many problems.
The first section describes a study on intra-team collaboration, focusing on the inves-
tigation of team structures and dynamic team mental models. To analyze intra-team
collaborations, we closely observed the development teams in 2015, mainly to inves-
tigate team structure and team members’ mental models.
The second section summarizes a further study on interdisciplinary collaboration
and communication. Each year a survey was given at the end of the semester to
collect individual perceptions on interdisciplinary collaboration. The courses were
modified in both 2014 and 2015 regarding the interdisciplinary collaboration according
to findings of previous year surveys, such as adding more lectures on teamwork.
The details of the course modification and the comparisons before and after the
modifications are introduced in the second section of this chapter.
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5.1 Intra-Team Collaboration across Disciplines,
2015
According to the literature (Cooke et al., 2004; WIldman et al., 2012), a team’s men-
tal model represents not only the sum of individual conceptual knowledge, but also
a knowledge structure from the team interaction process. Consequently, a network
model, composed of relationship between individual team members, is used to inves-
tigate global properties of the teams (Avnet & Weigel, 2013). This network approach
for studying teams is based on the principle that the shared knowledge of the team
is “a synergistic functional aggregation of a team’s mental functioning representing
similarity, overlap, and complementarity” (Langan-Fox et al., 2004). It can offer a
new perspective when studying team cognitive processes.
5.1.1 Hypothesis
Software teamwork quality and performance vary due to a number of influences,
including team structure. We hypothesized that a team’s structure will affect the
team’s mental model and performance during the development process. Because
the study was conducted in the context of a course, most students are aware of
and are trying to stick to the assignment schedule. From Study I, we learned that
69
scientists’ involvement can impact the development process. Consequently, the course
instructors invested significant effort preparing the scientists before the beginning of
each semester. The instructors met separately with each scientist to refine their
concept of the app, to explain the development process, and to describe their role in
the process. The instructor met multiple times with an individual scientist until he
felt satisfied that the scientist had an appropriate concept of the app, had all readily
available all the resources that the team would need to develop the app, and had
an appropriate understand of their role in the development. Consequently, we are
confident that the effect due to individual differences between scientists is modulated
and that we can study the effect of team structure relatively independent of the effects
of scientists. We assumed that if teams have different structures, the differences would
mainly influence team performance on effectiveness, i.e. the quality of the software
products.
As suggested from the responses to the open ended questions in the 2014 survey,
leadership is important to the teams. Consequently, we also hypothesized that a
team with effective leaders will demonstrate better performance than teams without
good leadership. We will quantify team leadership by the centrality scores from the
team’s social network analysis and the ratings of team members’ performance.
Hypothesis 1: Team working structures influence the effectiveness of software de-
velopment teams.
Hypothesis 2: Teams with better leadership perform better.
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5.1.2 Methods
We used two surveys: Cognitive social structure (CSS) survey and team dynamic
process survey to investigate team structures and their potential impact on team
performances. CSS survey is used to capture team structures. Because of the difficulty
in measuring team performance directly, we used a team dynamic survey to measure
performances. We compared the results of the two surveys to delineate how different
team communication structures may influence the team performance.
5.1.2.1 Participants
All 35 students in the course’s six teams completed the CSS surveys. The participants
of the team dynamic process survey were the same as who did the cognitive social
structure survey. However, not all the team dynamic process surveys were responded
by all the students in the course, because some were absent when we distributed the
survey. Considering that students’s minds may change over time, we did not ask
students to make up the survey if they missed it. Thirty-one students responded to
the first survey, 35 to the second survey and 29 to the third survey.
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5.1.2.2 Materials
Cognitive Social Structures (CSS) Survey. Cognitive social structure (CSS) surveys
are tools used to collect data for social network analysis on teams. The surveys focus
on collecting team members’ perception of the relationship among themselves, and
the network represents these relationships (Krackhardt, 1987). Mueller & Elizabeth
(2008) used the social network data from Krackhardt (1987) to examine their Cultural
Mixture Modeling for identifying cultural consensus. They found two distinct groups:
the hierarchical group who believed that advice was through a few high-level man-
agers and presidents; the democratic group (composed of a few managers) believed
that advice was sought equally and distributively. Therefore they suggested that team
members can better understand how the team operated than central managers. This
corresponds to the value of the agile development, that it is not the leaders solve prob-
lems, rather than teams do. Recently, Brands (2013) made a review highlighting the
application of cognitive social structures in social network analysis. The review inves-
tigated two questions that CSS research studies. 1) How do team members perceive
their relationships? and 2) How do these perceived relationships and networks affect
their behaviors and team outcomes? Brands found that significantly more studies
pursued the first question, but the second question is currently more interesting. In
our study, we applied the CSS survey developed by Krackhardt (1987) and explored
how the team structures affected the team outcomes. For an example, Emily is a
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team member. Each team member, including Emily, was asked who Emily would go
to for help during the software development process. To respond, participants chose
from a list of all team members. The respondent can choose as many team members
as they think appropriate. The question was repeated for each team member.
This study extends standard CSS techniques to studying software development teams.
Our CSS survey is based on(Krackhardt, 1987) and asks two questions about who goes
to whom for help and who shares ideas with whom (see Appendix H). Participants
were asked to choose who they are likely to go to for help if they encounter problems
or have issues. And if they have new ideas, who do they want to share with.
The Team Dynamic Process Survey. In previous studies, we used the usability test
reports produced by the graduate students in the HCI course to measure team perfor-
mance. Software errors and usability ratings were used as measures. The questions
used for rating usability were, “do you think the app is easy and intuitive to use?”
However, we were concerned about differences in usability tests, administrators and
the small sample size of the tests (3 to 7 participants for each app). In order to inves-
tigate team performance from another perspective and to explore the team’s mental
models, we designed a team process survey to probe team members’ attitudes, feel-
ings and other mental attributes. The survey investigated individual perceptions on
the project, collaboration and performance of other team members and so on. The
questions required either open-ended responses or responses on a Likert scale.
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We focused on five rating questions and two descriptive questions in the survey:
• Rate your satisfaction of you app.
• Rate your enjoyment in working with your teammates.
• Rate the severity of your team conflict.
• Rate the average CS team members’ performance.
• Rate the average HU team members’ performance.
• What is your goal for the project?
• What is the conflict in your team, if there is one?
5.1.2.3 Procedure
We distributed the team dynamic process survey three times in the 2015 spring
semester, corresponding to conclusion of key phases in the development process (See
Appendix I). The first survey was given after requirement gathering on January 27,
2015. The second survey was given on February 23, after the design review. The
third survey was given after usability testing at the end of the semester on April 15.
In the second time, along with the team process survey, we also distributed the CSS
survey on February 23, 2015. All the surveys were collected in paper.
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5.1.2.4 Data Analysis
Cognitive Social Structures Survey. As explained in Krackhardt (1987), cognitive
social structures are presented as a set of relationships derived from the survey re-
sponses. The data we collected from the CSS survey is a three-dimensional data set, a
set of relationship matrices, Ri,j,k, where k is the perceiver (the person who completed
the survey), i is the sender of the relationship and j is the receiver of the relationship.
Thus R1,2,3 would be interpreted as: team member 3 perceives that person 1 would
go to person 2 for help when having problems during the development process.
In order to look into team structures from a social network analysis perspective,
Krackhardt (1987) proposed three approaches to aggregating the three-dimensional
data set into two dimensions. One aggregation technique is to hold the perceiver
dimension k constant; which Krackhardt (1987) called this aggregation a slice. The
second approach is to make a diagonal slice, meaning k = i or k = j, among all
the perceived relationships between i and j. Generally only those relationships that
were provided by either i or j themselves are considered valid. This is called locally
aggregated structures (LAS). The third approach averages the relationships between
i and j as a across of all-perceivers. We then use a threshold between 0 and 1 to
determine if the relationship exists. This is called a consensus structure.
From the CSS survey, we extracted several network structures for each team in 2015:
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two slices, one LAS and one consensus structure. We used both questions (who will
you go to for help and who will you share ideas with).As for the slice aggregation,
we did not extract individual team members perceptions, instead we sliced the entire
network into two parts: the CS team members and HU team members’ perceptions.
This allows us to compare perceptions between CS and HU team members. We used
the union rule to aggregate the LAS, meaning a relationship exists if it is perceived ei-
ther by the sender or by the receiver. Using the consensus structure, the relationships
between i and j perceived by all team members were averaged, and a 50% threshold
was used to make the social network.
The Team Dynamic Process Survey An ANOVA analysis was performed to determine
whether there were differences between groups and between the three surveys (which
were conducted at different times). A post hoc Tukey HSD test was performed after
the ANOVA analysis to determine which groups and surveys differed. The two de-
scriptive responses were also analyzed. At the beginning of the survey we asked team
members to give their goal for the project. After rating the severity of team conflict,
participants were asked to describe the conflict.
5.1.2.5 Results
Social Network Graphs. Figure 5.1 presents the team structures extracted from the
first question (who would you go to for help), allowing us to compare perceptions
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between different aggregations and teams. In all of the network figures, CS1 to CS4
are CS team members; and HU1 and HU2 are HU team members. The CoCo team
has only five team members. We can see that the structures are more different among
teams than aggregations. There are some differences among the three aggregations.
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Figure 5.1 Social Network Structures of Development Teams in 2015. Each row
indicates a team. Each column indicates an aggregating approach. The aggregations
are (from left to right) CS slice, HU slice, LAS and Consensus.
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The first two columns are CS slices and HU slices. In each team, the team members
from both disciplines agreed on the general team structures. For example, the Bear,
Deer, Field, and Fisheye teams are more centralized teams, with one or two central
members, while the Ice team has a fully connected structure, CoCo team has less
connections. In the centralized teams, the CS team members are more likely to be in
the center, while the HU students are often peripheral team members, except in the
Deer team. In the Deer team, two CS team members and two HU team members are
in the center.
However, there were differences between CS and HU team members’ perceptions. The
CS team members thought the HU team members were not as helpful as CS team
members, because in most teams CS members would not go to HU1 or HU2 for help (in
team Bear, CoCo, Deer, Field and Fisheye, See the first column in Figure 5.1). From
CS members’ perspective, HU members only communicated with their HU teammate
and the central person. However, the HU team members perceived themselves as more
central and communicating with more CS team members. As the second column in
Figure 5.1 shows, on the Bear team, HU1 and HU2 would go to CS members for help
rather than only communicating with central person (CS 4). In the CoCo team, the
HU member thought all CS members would go to him for help. Therefore, HU team
members tended to believe that they communicated with CS members more than was
perceived by the CS members.
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The third column of Figure 5.1 presents the LAS aggregated structures. Three teams
showed fully connected structures: Deer, Field, and Ice; the others are relatively
central or hierarchical. We can also see some asymmetric relationships. For example,
in the Fisheye team, CS5 only goes to CS1 and CS3 for help. Person 6 only goes
to CS1 for help. However, no one goes to HU1 and HU2 for help. The centralized
teams have one or more “help” centers. These team members were perceived by the
rest of the team as the person to go for help. Examples of “help” centers are CS1 in
Fisheye and CS4 in Bear. Consequently the central team members are always the CS
members and the HU members are more peripheral.
The consensus method showed in the last column indicates more connections between
team members. The structures of team Bear, CoCo and Fisheye are similar to the
CS slices, the first column of Figure 5.1. With the threshold, the Bear and Fisheye
teams are very centralized with one strong, central person (CS4 in Bear and CS1 in
Fisheye). The Field and Ice teams are fully connected without apparent centers. The
Deer team is neither centralized nor fully connected, rather it has a subcomponent
that is fully connected and two members that seek help only from the fully connected
subcomponent and no one seeking help from them. The subcomponent is centralized
around more than one person, and the central persons are not only CS students.
In general, the four aggregations indicate similar structures but slight difference.
The CS slice shows that CS students tend to believe the teams are centered by
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CS disciplines and they would not go to HU students for help. While the other
methods suggest the HU members in the team Deer and Field are perceived to be
more communicated.
Centrality Scores. To visualize the qualitative observations, centrality scores were
calculated for each team in each of the three aggregations. The scores we measured
were: indegree, outdegree and betweenness.
In 1954, degree was first introduced to be used as an index of centrality (Shaw,
1954). Degree is the count of the actors’ connections in a social network. Indegree
is the number of connections coming to an actor, and outdegree is the number of
connections going out from an actor. L. C. Freeman (1979) explains that a relatively
high degree is “in the thick of things” with respect to communication. The actor with
higher degrees is likely to be seen as a major channel of information flow, thus the
focal point of communication. Anthonisse (1971) and L. C. Freeman (1977) developed
betweenness as another centrality measurement. Betweenness indicates the situation
in which an actor is located in the between two other actors. The actor between the
other two actors controls the communication because the other two actors have to
rely on him or her in order to communicate. L. C. Freeman (1979) indicated a more
complicated situation when more than one person connects a pair of team members.
This partial betweenness was calculated in terms of probabilities. In this study, due
to the small team size, we only included the situation when one person connects a
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Table 5.1. Team Centrality Scores
Team Subject
CS Slice HU Slice LAS Consensus
degree betweenness degree betweenness degree betweenness degree betweenness
Bear
1 29 0 12 0.25 11 0 41 0
2 29 0 12 0.25 16 1.83 41 0
3 30 0 13 0.5 15 1.83 43 0
4 32 0 16 6.5 16 1 48 0
5 25 0 9 0.25 11 0 34 0
6 23 0 8 0.25 11 0.33 31 0
Total 168 0 70 8 80 5 238 0
CoCo ∗
1 25.2 0.4 4.8 2.4 13.2 0.4 30 0.4
2 24 0.4 6 0 12 1.2 30 0.4
3 18 0.4 3.6 0 9.6 0.4 21.6 0.4
4 24 0.8 7.2 4.8 14.4 1.6 31.2 0.8
5 16.8 0.4 4.8 0 10.8 0 21.6 0.4
Total 108 2.4 26.4 7.2 60 3.6 134.4 2.4
Deer
1 24 0 8 0 11 0 32 0
2 21 0 8 0 14 1.5 29 0
3 33 0 16 0 18 1.5 49 0
4 33 0 16 0 15 0 49 0
5 24 0 16 0 16 0 40 0
6 25 0 16 0 16 0 41 0
Total 160 0 80 0 90 3 240 0
Field
1 30 0 20 0 13 0 50 0
2 28 0 20 0 19 0 48 0
3 28 0 20 0 14 0 48 0
4 26 0 20 0 18 0 46 0
5 25 0 20 0 16 0 45 0
pair of team members. The pair of team members always has to rely on the team
members in between to connect them.
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Table 5.1 (cont’d)
Team Subject
CS Slice HU Slice LAS Consensus
degree betweenness degree betweenness degree betweenness degree betweenness
6 25 0 20 0 6 0 45 0
Total 162 0 120 0 96 0 282 0
Fisheye
1 24 2 12 5 13 1 36 8
2 16 0 3 0 10 0.5 19 0
3 19 2 6 4 14 3.5 25 2
4 15 0 3 0 8 0 18 0
5 9 0 5 1 5 0 14 4
6 9 0 3 0 4 0 12 0
Total 92 4 32 10 54 5 124 14
Ice
1 40 0 20 0 20 0 60 0
2 40 0 20 0 20 0 60 0
3 40 0 20 0 20 0 60 0
4 40 0 20 0 20 0 60 0
5 40 0 20 0 20 0 60 0
6 40 0 20 0 20 0 60 0
Total 240 0 120 0 120 0 360 0
∗The scores for CoCo team are scaled by 6/5, because CoCo team has only five members.
Table 5.1 shows the degrees and betweenness of each team for the three aggregation
approaches. In general, the Fisheye and CoCo teams have lower degrees than other
teams in all the structures. This indicates that from the perspective of the team
members, the teams Fisheye and CoCo have less communication channels. As for
betweenness, Fisheye, CoCo and Bear teams have members perceived as serving a
central role in the team.
The Pearson correlation coefficient was computed between each pair of aggregation
methods for each team. Table 5.2 shows relatively high correlation among all the
methods. CS slices and Consensus method are especially highly correlated, because
CS students represent the majority of the team members. Some of the correlation
coefficients from HU slice and the LAS method are relatively low compared to those
from CS slice and Consensus. We attributed it to the small sample size of the HU
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Table 5.2. Team Matrix of Correlation Coefficient
Team Subgroup
Degree Betweenness
CS Slice HU Slice LAS Consensus CS Slice HU Slice LAS Consensus
Bear
CS Slice 1 0.98 0.76 1.00 1 - - -
HU Slice 0.98 1 0.77 0.99 - 1 0.12 -
LAS 0.76 0.77 1 0.77 - 0.12 1 -
Consensus 1.00 0.99 0.77 1 - - - 1
CoCo
CS Slice 1 0.61 0.83 0.97 1 0.88 0.75 1.00
HU Slice 0.61 1 0.83 0.77 0.88 1 0.61 0.88
LAS 0.83 0.83 1 0.90 0.75 0.61 1 0.75
Consensus 0.97 0.77 0.90 1 1.00 0.88 0.75 1
Deer
CS Slice 1 0.63 0.52 0.92 1 - - -
HU Slice 0.63 1 0.82 0.88 - 1 - -
LAS 0.52 0.82 1 0.72 - - 1 -
Consensus 0.92 0.88 0.72 1 - - - 1
Field
CS Slice 1 - -0.44 1.00 1 - - -
HU Slice - 1 - - - 1 - -
LAS -0.44 - 1 -0.44 - - 1 -
Consensus 1.00 - -0.44 1 - - - 1
Fisheye
CS Slice 1 0.75 0.93 0.96 1 0.98 0.80 0.64
HU Slice 0.75 1 0.60 0.90 0.98 1 0.69 0.79
LAS 0.93 0.60 1 0.86 0.80 0.69 1 0.15
Consensus 0.96 0.90 0.86 1 0.64 0.79 0.15 1
Ice
CS Slice 1 - - - 1 - - -
HU Slice - 1 - - - 1 - -
LAS - - 1 - - - 1 -
Consensus - - - 1 - - - 1
∗NA is because one or more subgroups had the same degree/betweenness score for all subjects in a team. No
correlation coefficient is computed in this case.
team members and in the LAS method.
Summary of Cognitive Social Structure Survey. CS and HU team members’ cognitive
social structures were compared in social network analysis graphs. Team members
were in agreement about the general structure of their team. However, there were
differences between how the CS and HU members perceived the connectedness of
HU members in the team. HU students thought they were more central and com-
municated with more team members than their CS team members thought. From
a consensus aggregation perspective, the Deer team showed moderate centralization
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with more than one central person. The Fisheye, Bear and CoCo teams are cen-
tralized and only CS team members are centers. The Ice and Field teams are fully
connected.
Does team structure differences affect team performance? A study of software product
development teams indicated that the centralization of a team network was negatively
related with creative performance of the team (Leeders et al., 2003). However, in our
case, as suggested by previous teams and from students’ responses in the surveys,
leadership is needed. Therefore, we wanted to study the influence of these different
team structures.
The Team Dynamic Process Survey. Table 5.3 shows the ANOVA analysis of the
ratings between teams on the five rating questions. Responses to four out of the five
questions appeared to be significantly different among the teams. Ratings on CS team
members’ performance were also different, although not statistically significant (p =
0.05). Table 5.4 indicates which pairs of team differs when a post hoc Tukey HSD test
was performed. (Results with p -values less than .1 are listed in the table.) For all
questions, the Deer team rated themselves higher than either the Field or the Fisheye
team. The Ice team also had higher ratings for HU team members’ performance than
the Field or the Fisheye team.
We also analyzed the rating changes over time for each team. No specific trend in the
changes was observed, but only the Ice team had a significantly decreasing ratings
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Table 5.3. ANOVA Results for Ratings Responses in Dynamic Team Process
Survey
Question df sum of sq mean of sq F value p value
Satisfaction
Between teams 4 20.59 5.15 4.33 0.01*
Residuals 73 86.76 1.19
Working Enjoyment
Between teams 4 20.15 5.04 3.81 0.01*
Residuals 73 96.53 1.32
Conflict
Between teams 4 38.46 9.62 3.22 0.01*
Residuals 73 218 2.99
CS Performance
Between teams 4 16.39 4.10 2.44 0.05
Residuals 73 122.79 1.68
HU Performance
Between teams 4 15.11 3.78 5.07 0.01*
Residuals 73 54.43 0.75
Table 5.4. Tukey HSD Post Hoc Testing on Variance of Ratings in Dynamic Team
Process Survey
Question Teams Mean Difference p value
Satisfaction
Deer > Field 1.19 0.03*
Deer > Fisheye 1.41 0.01*
Working Enjoyment
Deer > Field 1.47 0.01*
Deer > Fisheye 1.08 0.06
Conflict
Deer > Field 1.67 0.08
Deer > Fisheye 1.97 0.01*
CS performance Deer > Field 1.39 0.04*
HU performance
Deer > Field 0.86 0.07
Deer > Fisheye 0.91 0.03*
Ice > Field 1.08 0.02*
Ice > Fisheye 1.13 0.01*
over all five questions. Next, we studied the descriptive responses in the survey.
Figure 5.2 shows the responses to the project goal question for three times at which
the survey was given. Percentages are given for each goal, indicating the percent of
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the respondents that thought a particular goal was important. The figure indicates
that there were three main goals from project beginning to end: creating an app,
completing functionality, and making the app easy to use. The percentages of two
other goals, meeting clients’ requirements and completing the app, increased over
time.
Figure 5.2 The descriptive responses on project goals as they changed over time.
Figure 5.3 shows a comparison of responses between CS and HU team members.
The two disciplines shared similar goals, except that HU members cared about their
grades more than CS members.
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Figure 5.3 Comparison of the descriptive responses on project goals between CS and
HU disciplines.
To sum up the results from the dynamic surveys, the Deer team has higher ratings
than the Field and Fisheye teams in general. Only the Ice team’s rating changes over
time, decreasing as development proceeded. We did not observe the ratings change
with time for the other teams. The descriptive responses showed that except for the
three major goals, creating an app, completing the functionality and making the app
easy to use, students’ goals changed to completing the app and getting a good grade.
HU team members cared more about grades.
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We also summarized team conflicts from the participants’ survey responses. Each
team had complaints about small conflicts in communication from one or two team
members. Some of these issues were resolved during the development process, ac-
cording to team members. Only the Field team had unresolved conflicts with their
scientist. Several students, from both CS and HU, complained that their scientist
changed the requirements for the app, particularly near the end of the semester.
These requirement changes cause the team to rush the new design and implementa-
tion of the app at the end of the project.
Summary of the Team Dynamic Process Survey. The dynamic survey tells a different
story about these teams. Table 5.5 summarizes the results of the rating questions
on app satisfaction, working enjoyment, conflict and team members performance.
The team with higher ratings is Deer team, which is moderately centralized and
with connected members from both disciplines. Because we did not find obvious
trends in the change of ratings over time for most of the teams, we studied the
descriptive responses on project goals and conflict might for more information. The
goals changed with time in several aspects across all participants. While app creation,
functionality, and ease of use remained important, more people aimed at completing
their projects and getting a good grade as the semester went on. The descriptions of
conflicts reveal that the Field team had problems with their scientist in requirement
gathering, especially near the end of the project.
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Table 5.5. Ratings Summary According to Teams
Team Structure Ratings Change over time Central people Other issues
Deer moderately centralized high no change CS & HU N/A
Fisheye centralized low no change CS changing leadership
Field fully connected low no change N/A client
Ice fully connected high decreased N/A N/A
CoCo centralized moderate no change CS N/A
Bear centralized moderate no change CS N/A
5.1.3 Conclusion of the Intra-Team Study
The six teams had different working structures. The Fisheye team is the most central-
ized team and the Bear, CoCo and Deer teams are moderately centralized. Among
the three teams, members from different disciplines only mingled well on the Deer
team. The other two teams, the Bear and CoCo team, showed divisions between
members of the CS and HU disciplines. The Ice and Field teams were relatively con-
nected between team members. According to the dynamic team process surveys, in
general the Deer team had better satisfaction, enjoyment, conflict, and performance
ratings than the Field and Fisheye teams. From our close observation of these teams,
the Deer team was highly functional with involvement from both disciplines, effective
leadership by both disciplines, and participation from the rest of the team members.
On the other hand, the Fisheye team is centralized and had a team leader. (We
learned from observation that they changed leaders during the development process.)
The second leader was a strong person that could lead and take over the project.
However, a team project may need more collaboration among members rather than
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one strong individual coordinating all the tasks and do most of the implementation.
We believe that the Field team’s problems were brought about by the changing re-
quirements from the team’s client. In the previous study, we learned that, although
clients are separate from the development teams, they can have an important role.
Failing to provide development teams with information, such as timely requirements,
can lead to project delays, product incompleteness, and even project failure. The
Field team case provided further evidence for what we learned about the importance
of clients.
5.2 Interdisciplinary Collaboration, 2013-2015
In this section, we focus on the collaboration between the undergraduate students in
the CS and HU courses (i.e. software engineers and technical communicators). We
investigated the collaboration between these two stakeholder groups to understand
the interdisciplinary collaboration process in software development by peer evaluation
and observing a team shared mental model. The aim was to delineate collaboration
issues and seek approaches to resolving these issues and improving the process.
The two groups of stakeholders within the development teams were studied: software
engineers and technical communicators. The boom of computer and Internet usage
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has increased the role of technical communication experts (O’Hara, 2001) in software
development. Technical communicators identify and effectively communicate infor-
mation to the end-users in these products. Typically, they write product descriptions,
tutorials and documentations according to users’ needs, in order to effectively commu-
nicate the information implemented by software engineers. Technical communicators
also conduct usability evaluations on the communication and the product.
5.2.1 Methods
To understand the collaboration between disciplines, we conducted surveys and semi-
structured interviews at the end of each semester from 2013 to 2015. As previously
mentioned, communication is usually considered a component of collaboration, and
over time communication within a team can become the collaboration (Jackson, 2010).
Consequently, the end of semester surveys during all three years asked about commu-
nication between the two stakeholder groups. Apart from the surveys, we modified
the courses according to the insights from the survey results, such as coordinate be-
tween two course instructors, giving agreement between scientists and development
teams etc. They survey is used for evaluate the effect of the modifications and getting
hints of potential issues.
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5.2.1.1 Participants
Nineteen CS students and 8 HU students responded to the survey in 2013. 27 CS
students and 10 HU students responded to the survey in 2014. 23 CS students and
9 HU students responded to the survey in 2015. In the semi-structured interviews, a
focus group discussion with at least one member from each team, and we interviewed
with the entire team all three years.
5.2.1.2 Materials
In the surveys at the end of the semester, students were asked to rate the communi-
cation performance of teammates in each year (See Appendix A and Appendix B). In
2014, the survey additionally asked detailed questions about the teams’ shared mental
model and team conflicts. In the interviews, we asked students about the develop-
ment process and probed with more detailed questions, e.g., “how do you arrange
meetings?” or “is it hard to get help from the members from the other discipline?”.
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5.2.1.3 Procedure
This process took about three years. At the end of each spring semester from 2013
to 2015, we distributed a survey to evaluate the communication process and team
performance. The interviews with teams and individual team members at the end of
each semester helped to explore more information that the survey can not provide.
Regarding the insights from the surveys and interviews each year, we modified the
course each year such as adjusting the schedules and education teams.
5.2.1.4 Data Analysis
T test is mainly used for comparing the survey results of different years. For the 2014
survey, we also compared the team members mental models on the important aspects
of app and possible influential factors to project. The percentages were calculated
and compared between different years and team members from different disciplines.
5.2.2 Results
Table 5.6 summarizes and compares the communication ratings of developers’ own
discipline and the other discipline from 2013 to 2015. The ratings were from one to
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Table 5.6. The Communication Performance Ratings from Developers on Their
Team Members within Discipline and from the Other Discipline
Within discipline With other discipline
t-value df p-value
mean± sd mean± sd
2013
CS
5.31± 1.1 4.07± 1.6 2.70 29 0.01*
n=19
HU
5.84± 1.4 3.65± 1.6 2.93 14 0.01*
n=8
2014
CS
5.85± 1.1 4.33± 1.6 3.81 51 0.0004*
n=27
HU
5.80± 1.6 4.00± 2.1 2.10 17 0.04*
n=10
2015
CS
5.09± 1.4 5.70± 1.2 -1.58 43 0.12
n=23
HU
5.67± 1.7 5.67± 0.7 0 11 1
n=9
seven with one anchored at “very poor” and seven anchored at “very good.”
The results from the 2013 survey show that all the ratings were above average. CS
and HU students’ ratings within their disciplines are not significantly different (t (11)
= 0.97, p = 0.36). However, the communication ratings within their own discipline
are significantly higher than the ratings of communication with the other discipline
(CS with HU students: t (29) = 2.70, p = 0.01; HU with CS students: t (14) = 2.93,
p = 0 .01). The communication with the other discipline is not rated as highly as
within the same discipline. An effective interdisciplinary team should have equally
effective communication across disciplines.
The collaboration between the technical communicators and software engineers was
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not as strong as hoped for in first year, 2013. Consequently, the instructors made four
major modifications to the course collaboration in 2014 to improve the collaboration
within the teams. To improve communication within teams, students from the two
classes were given more time to meet during the class hour by arranging for the two
courses to meet in adjacent classrooms. The second modification was to ensure that
HU and CS students had shared goals by adjusting and scheduling the course assign-
ments. The third modification attempted to better define the roles and commitment
of stakeholders by distributing a document that described the roles of each stake-
holder in the development process. In addition, the instructors asked teams to write
a contract and for all team members to sign the contract. The fourth modification
attempted to improve the shared mental model and common language of the HU and
CS students by having one of the instructors give three lectures that were attended
by both HU and CS students in the same classroom.
After modifying the course collaboration in 2014, we again had teams self-rate commu-
nication (see Appendix B). Unfortunately, the communication ratings of 2014 failed
to show any significant improvement from year 2013 either within the same disci-
pline (CS students: t (37) = 1.7, p = .10; HU students: t (16) = 0.05, p = 0.96) or
for communication with the other discipline (CS students: t (39) = 0.51, p = .61;
HU students: t (16) = 0.42, p = .69). According to the communication ratings the
collaboration did not improve.
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Anticipating the possibility that the collaboration might not improve, we studied
the team mental models at the end of the 2014 semester (see Appendix B). Team
members were asked to delineate the influences on development. The survey listed
eight potential influences:
• Team collaboration
• Communication with clients
• CS team members’ skills
• HU team members’ skills
• Time to complete the app
• Team members’ personalities
The question asked, “What influenced your app development?” Students could choose
more than one influence. Table 5.7 shows the specific number of responses and per-
centages. Three out of the eight influences were most often chosen: team collabora-
tion, communication with clients and CS team members’ skills. An interesting result
is that even among HU students only 10% of the respondents considered that the HU
students’ skills were influential. Also, while 32% of CS students responded that “time
to complete the app” was an influence, only 10% of the HU students felt that time
was a factor.
The next question on the survey asked developers to identify what had the biggest
influence on their development process. They could choose only one influence in this
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Table 5.7. What Team Members Thought Influenced the Process
Influence CS HU
Team collaboration 14(50%) 3(30%)
Communication with clients 15 (54%) 2 (20%)
CS team members’ skills 15 (54%) 4 (40%)
HU team members’ skills 3(11%) 1(10%)
Time to complete the app 9 (32%) 1(10%)
Team members’ personalities 4(14%) 1(10%)
Table 5.8. What Team Members Thought Most Influenced the Process
Influence CS HU
Team collaboration 10(37%) 2(20%)
Communication with clients 7 (26%) 3 (30%)
CS team members’ skills 8 (29%) 2 (20%)
HU team members’ skills 0(0%) 1(10%)
Time to complete the app 1 (4%) 0(0%)
Others 1 (4%) 2 (20%)
question. Table 5.8 indicates the distribution of participants’ choices in each disci-
pline. Again, team collaboration, communication with clients and CS team members’
skills were chosen as the most influential aspects of app development. A Pearson’s
Chi-Squared test does not show significant difference between the CS and HU dis-
tributions (X2(2, N=6) =3.28, p=0.66). There is a slight difference in that one CS
student considered the time of the development to be critical and one HU students
considered the HU members’ skills to be critical to the app development.
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In addition, developers were asked to select the aspects of their completed app that
satisfied them and dissatisfied them. The developers could choose more than one
aspect of the app:
• Completion of the app
• Convering all the requirements of the app
• Appearance of the app
• Correct Functionality of the app
• Usability of the app
• Complete help documentation for the app
Figure 5.4 summarizes the responses from student developers from the two disciplines.
Generally speaking, students from the two disciplines were comparably satisfied and
dissatisfied with covering all clients’ requirements and completing the app. Student
developers tended to be more concerned about the aspect of the app that they worked
on. They were more likely to choose the aspects related to their own work compared
to the work of others, either more satisfied or more dissatisfied with. HU students
cared more about the app documentation and usability of the apps and were more
dissatisfied with the appearance of the apps. The CS students were more concerned
about the app having the correct functionality; they were either more satisfied or
dissatisfied with their app’s functionality than the HU students.
We examined the responses to open-ended questions in 2014 surveys and interview
questions. We asked the developers to state if there were any team conflicts and
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Figure 5.4 Percentage distribution of the aspects of the completed app that student
developers were satisfied/dissatisfied with.
to describe the conflicts. Conflicts in a team usually are one of two types, task or
interpersonal conflicts. Task conflicts refer to disagreement in opinions and ideas
about how team tasks should be performed; interpersonal conflicts refer to disagree-
ments and clashes in individual relations, typically involving negative emotions such
as stress, frustration, and anger (Yong et al., 2014). Only HU students expressed
interpersonal concern, which is the clash of personalities between the two disciplinary
groups. Our summary of responses to open-ended questions in surveys and interviews
found primarily task conflicts. The task conflicts reflected conflicts about communi-
cation, coordination and workload. Both the HU and CS students complained about
communication with the other discipline. HU students blamed CS students for not
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communicating well or even not wanting to communicate. For example, some HU
developers said, “CS students would not come for meetings” and “would not speak
in the meetings”. The HU team members also wanted to get more involved in the
development process, e.g. “we should keep CS and HU students on the same page”
and “we should understand each others’ assignments better.” Some CS team members
mentioned conflicts about the interface design between the HU and CS developers.
Some CS team members described difficulties in getting the help content from the
HU team members. Students from both HU and CS disciplines showed concerns on
coordination, e.g. “need to develop more defined roles,” “lacking of a team leader
who can assign tasks,” and “need to split the work more evenly.” At least one team
expressed obvious regret in not having a team leader and attributed that as the reason
for their failure to complete the app. HU team members expressed the desire for a
clear expectation of what should be in the app’s documentation. In addition, some
HU students also complained, “CS students didn’t see the help documentation as
important”, which was to be a major contribution of the HU students to the project.
Workload was a critical concern for CS team members. Many CS students expressed
the need for more time to program and implementing the apps. No HU student shared
this belief.
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5.2.3 Discussion
The interdisciplinary teams shared a mental model about the importance of team col-
laboration, communication with clients, and CS team members’ programming skills.
However, their perceptions about the completed apps were more divergent. CS stu-
dents were more concerned about the correct functionality of the apps, while the
HU students were much more concerned about the appearance of the app, usability
and documentation of the app than the CS students. This mismatch in concerns is
evidence of a mismatch of mental models between the HU and CS students, which
we believe is mostly due to the poor communication and coordination within the
teams. The three lectures given by a single instructor were also not sufficient to build
a common mental model of the essential aspects of the apps.
Although both the HU and CS students thought that team collaboration was the
most influential aspect of development, both HU and CS students complained about
communication with team members from the other discipline. HU students’ com-
plaints were more general, while the CS students’ complaints were more specific and
directed at ineffective communication resulting in app failures. Many CS students ex-
pressed in the survey that they had insufficient time to complete the app. This could
have created stress on the CS students and probably did not give them much time
for communicating with HU students. Therefore, the time constraint of CS students
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could be one cause for the CS students’ poor communication.
In addition, although the instructors attempted to enhance team coordination with
documents that defined roles and commitments of team members, some teams still
expressed the need for effective intra-team leadership. The instructors’ documents
did specify the role of a team leader. HU students mentioned that personality issues
between HU and CS students caused communication barriers. Driskell et al. (2006)
indicated that if personality traits fit into appropriate teamwork requirements, team
effectiveness can be enhanced. We believe that the teams needed structure that
included a leadership position assigned to both an HU and a CS student.
We also learned from the descriptive responses that CS team members attributed
the poor collaboration to the difficulty in implementing the app’s help documenta-
tion from their HU team members. However, HU students were concerned about
the app’s documentation and wanted the documentation implemented. During in-
terviews, the HU students complained that CS students didn’t see documentation as
important. But the HU students did not evaluate their professional skills as influential
to the app development as the CS students’ professional skills. This circumstance of
team members feeling that their efforts are not valuable can result in “social loafing.”
Karau & William (1993) highlighted that team members are “more likely to engage in
social loafing when their individual outputs cannot be evaluated collectively? or their
tasks are perceived “as low in meaningfulness or personal involvement.” Consequently,
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many of the teams failed to implement their help documentation into the apps. We
believe the cause of the lack of app documentation is a lack of coordination in the
course assignments between the classes. Although the instructors attempted to coor-
dinate assignments, the HU help documentation assignment did not have a definite
due date and did not hold the HU students responsible for insuring the integration
of the help document into the app.
To sum up the modifications in 2014, the instructors of the courses attempted to
improve the collaboration by increasing the opportunities for communication, coor-
dinating the assignments, defining stakeholders’ roles and commitments, and sharing
three lectures. These modifications were not sufficient to result in equal ratings of
communications with the other discipline as within the same discipline. In addi-
tion the descriptive responses of 2014 interviews and surveys also indicated conflicts,
mostly due to ambiguity of roles, lack of shared goals, lack of awareness of the values
of the work from the other discipline, and the time constraint for implementing the
app. The failures of the modifications are due to the implementation details of the
course modifications. Additional opportunities for the teams to meet were not enough
to ensure effective communication. Coordinating the assignments lacked specific due
dates and did not hold team members responsible to ensure implementation. Doc-
uments defining stakeholder roles and commitments were not a sufficient substitute
for team leaders. Three combined lectures given by one of the instructors were not
enough to create a shared mental model of all the aspects of a successful app.
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The insights from the survey results in 2014 have resulted in additional refinements
to the development process and the collaboration between the 2015 courses. The
instructors met frequently before the semester to integrate more assignments with
definite due dates. The classes have had more joint lectures given by both instructors.
Because of more meetings between the two course instructors and more efforts put
on class coordination, the two instructors in 2015 shared more common goals than in
previous years. At the beginning of the semester, two teamwork lectures were given
in order to increase the awareness of the importance of the team collaboration and
the contributions made by other disciplines. Teams were formed with two leaders, an
HU student as product owner and a CS student as technical lead. In addition, teams
developed mobile web apps instead of Android apps in order to take advantage of
the scaffolding offered by web frameworks and to reduce the workload of CS students
during the programming of the app.
Finally, the 2015 communication performance ratings showed promising results (see
Table 5.6). The communication with the other discipline increased from previous
years. The ANOVA results show that the CS students’ ratings on HU team members
increased significantly from 2013 to 2015 (see Table 5.9). The same increase occurs
with the HU students’ ratings on their CS team members (see Table 5.11). The post
hoc Turkey HSD tests indicated both significant differences came from the increase
in 2015 (see Table 5.10 and Table 5.10). Moreover, the 2015 communication ratings
with the other discipline did not differ from the ratings with the same discipline (CS
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Table 5.9. ANOVA Results for Communication Ratings Across Years (CS⇒HU)
df sum of sq mean of sq F value p value
Between years 2 33.48 16.74 6.91 0.0019*
Residuals 65 157.43 2.42
Table 5.10. Turkey HSD Post Hoc Testing on Variance of Communication Ratings
(CS⇒HU)
diff* lwr* upr* p value
2013-2014 0.26 -0.87 1.39 0.846
2013-2015 1.62 0.45 2.80 0.004*
2014-2015 1.36 0.30 2.42 0.008*
∗
diff indicates the difference between means; lwr and upr
are the lower and upper bonds of the 95% confidence interval.
Table 5.11. ANOVA Results for Communication Ratings Across Years (HU⇒CS)
df sum of sq mean of sq F value p value
Between years 2 20.47 10.23 3.98 0.032*
Residuals 24 61.60 2.57
with HU students: t (43) = -1.58, p = 0.12; HU with CS students: t (11) = 0, p =
1).
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Table 5.12. Turkey HSD Post Hoc Testing on Variance of Communication Ratings
(HU⇒CS)
diff* lwr* upr* p value
2013-2014 0.35 -1.55 2.25 0.890
2013-2015 2.02 0.07 3.96 0.040*
2014-2015 1.67 -0.17 3.50 0.080
∗
diff indicates the difference between means; lwr and upr
are the lower and upper bonds of the 95% confidence interval.
5.2.4 Summary of the Interdisciplinary Collaboration
As software companies rely more on interdisciplinary teams for developing usable
products, understanding the process of constructing a shared mental model becomes
more essential. Although interdisciplinary collaboration can increase productivity, in-
terdisciplinary collaboration has brought many problems because people from differ-
ent disciplines talk in different “languages”. We learned that interdisciplinary teams,
especially novice teams, should have sufficient time, leadership and coordination to
build this shared mental model for their product. Time constraints during develop-
ment can result in software engineers neglecting communication with team members
from other disciplines. Software engineers will choose to emphasize functionality at
the cost of usability. Because software engineers control the implementation of the
product, the final product can be lacking in usability and documentation unless the
teams have a shared mental model and common goals. It is also necessary that team
106
members are aware of the contribution by their teammates from other disciplines.
More meetings and coordinations before semester have led the two course instructors
to shared more common goals on the project. More shared lectures were given by
both instructors, which has helped to developed a shared language between the team
members from two disciplines. Apart from these, the instructors gave assignments
with firm deadlines, which led teams be clearer about their tasks and schedules. The
instructors gave teams sufficient time to meet by giving them twenty minutes for
discussion at the end of each class. The lectures about teamwork at the beginning
of the semester have increased the students awareness of their team members’ con-
tribution and willingness to collaborate with the members from the other discipline.
We believe that these course modifications have contributed to making the teams
more collaborative. We also suggested the teams to have two leaders, performed by
team members from both disciplines. However, not all of the teams had an effective
leadership in 2015. Only in the Fisheye team, the two leaders coordinated the entire
team, and they also communicated with each other, which has facilitated their team
collaboration and performance.
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5.3 Conclusion of Intra-Team Studies
We employed several techniques studying the software development teams. Focusing
connection patterns between team members in the social network analysis illuminated
the working structures of the six teams in 2015. The dynamic team process survey
investigated the team members’ perceptions on app satisfaction, working enjoyment,
conflict, CS and HU team members’ performances. We found that, the Deer team,
a moderately centralized team, with team members from both disciplines actively
involved in the team process, had better ratings than the Fisheye team, a strongly
centralized team, and the Field team, a fully connected team. Although we learned
from the descriptive responses that there were other issues in the Fisheye and Field
teams (changing leadership and changing requirements), the outcome of the Deer
team strongly suggests that team performance can be enhanced and facilitated by a
moderate centralized, actively participating team, neither being very centralized with
one or two strong person participation, nor being fully connected without effective
leadership.
Tro¨ster et al. (2014) argues the studies of teams should not focus only on a team’s
network structure, but also study how the team structure and demographic charac-
teristics of team members interactively shape the team’s outcome. We studied the
collaboration with a focus on the disciplinary background of team members. When
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people from different disciplines work together, they are likely to consider what they
are working on as more important and ignore what others are doing. For example, the
CS team members would consider functionality the most essential aspect of an app,
while the HU team members would consider usability testing important. Therefore,
sufficient time, effective leadership and coordination are especially necessary for an
interdisciplinary, creative team. We also surveyed the team members’ characteristics
using Gosling’s personality survey (Gosling et al., 2003). However, we neither found
any significant personality difference between the CS and HU team members, nor
difference between groups.
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Chapter 6
Conclusion
This study yielded a number of important findings. Table 6.1 summaries the all the
findings of our studies and their insights to industrials. 1
Prior to the study, we knew that communication is the key to a software develop-
ment team’s collaboration; thus, we assumed that more communication could lead to
even better team performance. However, the study on the Lichen and Stream teams
in 2013 indicated that the opposite was true. Whereas the Lichen team communi-
cated with their client much more than did the Stream team, the Lichen team did
not generate the levels of team performance we expected, particularly in the area
of team efficiency; the stream team was better at implementing their scientist’s app
1Part of the contents presented in this chapter have been published in the journal of Human Factor
and Ergonomics (Zhang & Pastel, 2014, 2015).
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Table 6.1. Summary of the Findings of the Study
Study Findings Insights
Study I • The document from clients is
important to software develop-
ment process.
• The clients can play a critical
role in the development process.
Instead of considering clients as
outside stakeholders, we should
involve them as much as possi-
ble during the development pro-
cess.
Study II • The supporting document of the
app helps to reduce the develop-
ment time to complete the task,
but decreases the number of cre-
ative features of an app.
• Teams can ask clients for sup-
porting documents to explain
better requirements. However,
whether to use such a document
depends on the task characteris-
tics.
Study III • Proper leadership with effective
participation of other members
can facilitate the development
process.
• Appropriate leadership is im-
portant. A leader’s role is more
than just managing the team,
but facilitating the team pro-
cess. Teams solve problems, not
leaders.
Study IV • Modifications to the course on
increasing the shared mental be-
tween disciplines improved col-
laboration and communication
within team.
• Building a shared mental model
among team members is criti-
cal to enhance interdisciplinary
team performance.
requirements. After a more detailed investigation using a number of ethnographic
techniques, we learned that a document from the scientist, which the team could
extract detailed requirements from, was essential in facilitating the Stream team’s
development efficiency. To test the supporting effect of the document, we imple-
mented an experimental study. The results of the experiment indicated that there
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were considerable performance differences between teams with and without the sup-
porting document. The development teams that had the document completed the app
interface prototype task faster than the teams without the document. This further
supports the theory that a document supporting requirement elicitation can improve
team efficiency and performance. However, we were concerned about the possible
constraints the document might impose on the number of creative design ideas gener-
ated by teams. We tested our concerns by measuring the diversity of design ideas and
found that teams with the document generated fewer ideas than the teams without
the document. The supporting document significantly decreased the task completion
time, but restricted the variety of ideas elicited from team members for the app inter-
face design. Therefore, whether we should provide or request supporting documents
in software development projects depends on the goals for the final product. Support-
ing documents are needed if a project is time-sensitive, which is typical in technology
industries. Delaying a product’s release schedule may cause untenable consequences,
such as increased budgets, loss of customers, or the inability to be first to market.
However, if a product’s quality is more important than adhering to a specific timeline,
a supporting document may not be a good choice.
Aside from analyzing the collaboration between the development teams and their
clients, we also studied the intra-team collaboration. We investigated the teams from
the perspectives of working structures, team mental models, and demographics, with
a particular focus on interdisciplinary collaboration. Project satisfaction, individual
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performance and conflicts were used as measures of team performance.
Cognitive social structure surveys and social network analyses were used to capture
the working structures of the 2015 teams. We observed different types of team struc-
tures: one very centralized team, two fully connected teams, and three moderately
centralized teams. Team effectiveness was measured using the dynamic team process
survey, which collected information about team members’ mental models, includ-
ing ratings on project satisfaction, working enjoyment, teammates’ performance and
conflicts. The dynamic team process survey also included descriptions of project
goals and team conflicts. The responses were analyzed and compared from three per-
spectives: a comparison among six teams, a comparison of information gathered at
different times of survey, and a comparison of information from members from two
different disciplines.
Tro¨ster et al. (2014) promoted a densely connected network, suggesting a positive
relationship between the density of a network and a team’s potency, particularly in a
culturally diverse team. Later he found that centralization of the team network would
be more likely to determine team performance. But how centralized should a team
be? One of the moderately centralized teams, the Deer team, had obviously higher
ratings on all of the questions compared to the very centralized team, the Fisheye
team, and one connected team, the Field team. A moderately centralized team is more
likely to achieve optimal performance: too little centralization leads to shortfalls and
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inefficiencies in the flow of information, and too dense of a network can cause “an
overburdening of central individuals” in the team (Tro¨ster et al., 2014). Apart from
the degree of centralization, we also noticed that in the Deer team members from both
disciplines participated and mingled better than did members on the other teams.
The responses from the ratings did not show a significant trend in their change over
time. However, the descriptive responses indicated that some team members changed
their goals from developing a good app to simply completing the app. More people
aimed at meeting clients’ requirements in the last survey than in the first and second
survey. This may indicate a caveat brought by the study’s context: a course project
by student developers. Although Ho¨st et al. (2000) suggested that using student
developers to study software development can cause minor differences compared to
using professional software developers in industry. The responses to project goals
changed over time, which indicated that the students’ motivations (completing the
course and getting a good grade) on the project may be different from the motivations
of professional developers in industry (making a good app and achieving career and
salary goals). This encourages us to further the study in a real software industrial
setting.
Between the years 2013 and 2015, several modifications to the course improved col-
laboration and communication within the team. These course modifications helped
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to establish the roles of all stakeholders involved in the project, make clear the com-
mitment of individual team members to the project, provide a shared language for
the team and clear commitment from the instructors to the multidisciplinary team ef-
fort. In addition, the course modifications strengthened the structure required for any
team, meaning a place for teams to meet, sufficient time for meetings, a reasonable
project outcome and sufficient time to achieve project outcomes. The communica-
tion ratings of other discipline on the team rose in the year 2015, so that there was
no difference between the communication rating within the disciplines and with the
other discipline.
Our results also showed that CS and HU team members reached a shared mental
model in general, but with slight divergences. In the 2014 survey, we investigated
what the students thought was influential to the project and what they were sat-
isfied and dissatisfied with on the completed app. We learned that members from
the two disciplines shared ideas about which factors were influential to the project:
team collaboration, communication with clients and CS members’ programming skills.
However, they were concerned about different aspects of the app: CS members were
most concerned about the correct functionality of the apps, while HU members were
concerned about the appearance, usability and documentation of the apps. Compar-
ing the responses to project goals between the two disciplines in 2015 yielded results
similar to the 2014 survey: team members from the two disciplines had different fo-
cuses based on their discipline. CS team members aimed toward a functional app,
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while HU members aimed toward an easy and intuitive app. In the cognitive social
structure survey, the CS and HU team members’ slices were also compared. For each
team, members were in agreement on the general working structure of the teams, but
had slightly different perceptions of the HU members’ connections with CS members.
HU members considered themselves to be communicating with more team members
than their CS team members thought. While it is unavoidable that people would
think their own specialities more important, we learned from the study that this dif-
ference in mental models could impact team members’ motivations on the project.
How would motivation differences affect team performance? We do not know yet. A
further study could investigate the influence of different motivations of team members
from different disciplines on their teams’ performances.
Studies on this industrial-standard software development contribute to a delineation
of a number of factors that influence collaboration in software development; some of
these factors lead to project success and some lead to failure. First, we learned the im-
portance of stakeholders outside the development teams, such as clients. Better prepa-
ration with clients for the development teams could facilitate improved development
schedule performance. Second, a team with neither a very centralized nor connected
working structure, in which members from all disciplines actively participated, would
be more likely to generate good performance. Software teams do need effective leader-
ship. However, strong leadership may result in one or two people taking over all of the
task implementation without others’ participation. Moderately centralized software
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teams are most likely to shape satisfactory team performance. Finally, we need to
build a shared mental model between team members from different disciplines. Many
approaches could be employed in building this shared mental model. For example, a
project manager can provide more opportunities for team members to meet. Some
researchers believe that informal conversations are more crucial to teamwork because
ideas are more likely to be shared and discussed (Pinton & Pinto, 1990). Informal
conversations, such as caring greetings, personal conversations and story-telling, can
establish a comfortable, supportive mood and encourage self-disclosure and sharing
ideas with others, thus building stronger group trust (Holton, 2001). This is an issue
of critical importance.
The understanding of this software development team process has provided us with
many insights to improve the software development in industries. Effective leadership
and appropriate team working structure can facilitate development process. Other
than that, a software project does not only require a good communication channel and
teamwork structure of development team itself, but also needs effective collaboration
with stakeholders outside the development team. Stakeholders other than software
developers, such as product client, can also play a critical role in determining project
outcome. This may encourage a change of some current software teams’ focus from
the product itself to clients. The first step toward this change is to spend more time
to prepare with clients before and during the development process. The interdisci-
plinary collaboration could be another challenge in software development. It is not
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realistic to require non-software engineers to study coding, instead project managers
or administrators should create more opportunities for collaborators to communicate
and increase their awareness of the importance and contribution of other disciplines.
However, we also observed some limitations of the study, including the student de-
velopers’ motivation changes across the semester from developing a good app to just
completing it for grades. This could possibly created bias in studying team perfor-
mance’s influences and encourages us to further this study into an industrial setting.
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Supporting Document
Figure D.1 An Example of Supporting Document. We made the supporting document
based on the information provided by the Deer team scientist in 2015 for use of the
experimental group.
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Figure F.1 A Sample of the Prototype of the App User Interface. This is the app
interface prototype from the first group of participants in the experiment.
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